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(57) ABSTRACT

A high light emission efficiency can be achieved by the use
of a compound represented by the general formula (1) as a
host material or a light-emitting material of a light-emitting
layer of an organic light-emitting device. X* to X'* each
independently represent C or BH constituting carborane,
provided that among X' to X'2, the bonding positions to A
and D each represent C, and the other thereof each represent
BH; A represents an acceptor bonded to the carborane
through an aromatic ring or a heteroaromatic ring; and D
represents a donor bonded to the carborane through an
aromatic ring or a heteroaromatic ring.
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ORGANIC LIGHT-EMITTING DEVICE,
HOST MATERIAL, LIGHT-EMITTING
MATERIAL, AND COMPOUND

TECHNICAL FIELD

[0001] The present invention relates to a compound that,
is useful as a host material and the like, and an organic
light-emitting device using the same.

BACKGROUND ART

[0002] An organic light-emitting device, such as an
organic electroluminescent device (organic EL device), has
been actively studied for enhancing the light emission
efficiency thereof, in particular, various studies for enhanc-
ing the light-emitting eficiency have been made by newly
developing and combining an electron transporting material,
ahole transporting material, a light-emitting material, a host,
material, and the like constituting an organic electrolumi-
nescent device. Among these, there are studies relating to an
organic electroluminescent device utilizing a compound
having a carborane structure.

[0003] Non-patent Document 1 describes the results of
studies on the characteristics as a host material for blue
phosphorescence of a carborane derivative represented by
the following formula and a compound having a carbazolyl-
phenyl group bonded to an o-position or a p-position of a
carborane structure. However, the compounds described in
Non-patent Document 1 are all symmetric molecules having
the groups bonded to the carborane structure that are the
same as each other, and a compound having different groups
that are bonded to a carborane structure is not described.
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[0004] Patent Document 1 describes a carborane deriva-
tive having silyl groups bonded thereto represented, for
example, by the following formula and a compound having
a silyl group and another group bonded to a carborane
structure, and describes an example using the carborane
derivative as a host material in a light-emitting layer present
between a pair of electrodes constituting an organic elec-
troluminescent device. However, the carborane derivatives
shown in Patent Document 1 are all compounds having a
silyl group bonded to a carborane structure, and the literature
does not describe n carborane derivative having combined
therewith a group other than a silyl group.

[0005] Patent Document 2 describes the usefulness of a
carborane derivative represented by the following general
formula as a material for an electron transporting layer of an
organic electroluminescent device. In the formula herein, it
is stated that R' to R® each represent a hydrogen atom, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted
heterocyclic group, a substituted or unsubstituted condensed
polycyclic aromatic group, or a substituted or unsubstituted
condensed polycyclic heterocyclic group, and compounds,
in which R’ and R® are carbazolylphenyl groups, are
described as specific examples thereof. However, Patent
Document 2 does not confirm the usefulness of the carbo-
rane derivative represented by the following general formula
as a host material and a light-emitting material.
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SUMMARY OF INVENTION
Technical Problem
[0009] As described above, Non-patent Document 1

describes the results of studies on the characteristics as a
host, material of the compound having two carbazolylphenyl
groups bonded to the carborane structure. However, as a
result of actual evaluation by the present inventors of the
characteristics as a host material of the compound having
two carbazolylphenyl groups bonded to the carborane struc-
ture, it has been found that the characteristics are not
sufficiently satisfactory, and there is a demand of providing
a host material having better characteristics.

[0010] The inventors then start to investigate variously a
group of compounds having a carborane structure, have
firstly found that among many compounds having a carbo-
rane structure, a group of compounds having a structure
containing a carborane structure having an acceptor and a
donor bonded thereto has usefulness as a host material and
the like, and have decided to continue further investigations.
As described above, Patent Document 1 describes an
example using the compound containing a carborane struc-
ture having silyl groups bonded thereto as a host material of
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a light-emit ting layer. However, a silyl group does not
function as an acceptor or a donor, and Patent Document 1
does not describe a compound containing a carborane struc-
ture having an acceptor and a donor bonded thereto. Patent
Document 2 describes the usefulness of a compound con-
taining a carborane structure having two carbazolylphenyl
groups bonded thereto as a material for an electron trans-
porting layer, and furthermore Non-patent Document 1
describes the result of investigations on the characteristics of
the compound as a host material. Herein, a carbazolylphenyl
group functions as a donor. However, Patent Document 1
and Non-patent Document 1 do not describe a compound
containing a carborane structure having both a donor and an
acceptor bonded thereto. Accordingly, for a compound con-
taining a carborane structure having an acceptor and a donor
bonded thereto, the usefulness as a host material, and the like
of the compound cannot be estimated.

[0011] Under the circumstances, the inventors have further
made investigations on the usefulness as a host material and
the like of a compound containing a carborane structure
having an acceptor and a donor bonded thereto, and have
made accumulated studies for finding a compound having
excellent characteristics as a host material and the like.
Furthermore, the inventors have made earnest investigations
for providing a general formula of compounds useful as a
host material and generalizing the structure of an organic
light-emitting material having a high light emission effi-
ciency.

Solution to Problem

[0012] As a result of the earnest investigations performed,
the inventors have found that compounds containing a
carborane structure having an acceptor and a donor bonded
thereto through an aromatic ring or a heteroaromatic ring has
excellent properties as a host, material and the like. The
inventors also have found that the group of compounds
includes compounds that are useful as a light-emitting
material, such as a delayed fluorescent material, and have
clarified that an organic light-emitting device having a high
light emission efficiency can be provided inexpensively.
Based on the knowledge, the inventors have provided the
following inventions as measures for solving the problems.
[0013] [1] An organic light-emitting device containing a
compound represented by the following general formula (1);

General Formula (1)

7/

wherein in the general formula (1), X* to X*? each indepen-
dently represent C or BH constituting carborane, provided
that among X* to X'?, the bonding positions to R and D each
represent C, and the other thereof each represent BH; A
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represents an acceptor bonded to the carborane through an
aromatic ring or a heteroaromatic ring: and D represents a
donor bonded to the carborane through an aromatic ring or
a heteroaromatic ring.

[0014] [2] The organic light-emitting device according to
the item [1], wherein the organic light-emitting device
contains the compound represented by the general formula
(1) in a light-emitting layer.

[0015] [3] The organic light-emitting device according to
the item [2], wherein the organic light-emitting device
contains the compound represented by the general formula
(1) as a host material.

[0016] [4] The organic light-emitting device according to
the item [3], wherein the light-emitting layer further con-
tains a delayed fluorescent emitter.

[0017] [5] The organic light-emitting device according to
the item [2], wherein the organic light-emitting device
contains the compound represented by the general formula
(1) as a light-emitting material.

[0018] [6] The organic light-emitting device according to
any one of the items [1] to [5], wherein in the general
formula (1), D is bonded ho the carborane through a benzene
ring.

[0019] [7] The organic light-emitting device according to
any one of the items [1] to [6], wherein in the general
formula (1), D has a diphenylamino group or a carbazolyl
group.

[0020] [8] The organic light-emitting device according to
any one of the items [1] to [7], wherein in the general
formula (1), D represents a group represented by the fol-
lowing general formula (2):

[(R)(R*)N], —Ar'— General Formula (2)

wherein in the general formula (2), R* and R? each inde-
pendently represent a substituent, provided that R' and R®
may be bonded to each other to form a cyclic structure; nl
represents an integer of from 1 to 4; and Ar' represents a
substituted or unsubstituted aromatic group having a valence
of (nl+1).

[0021] [9] The organic light-emitting device according to
the item [8], wherein in the general formula (2), nl repre-
sents 1 or 2.

[0022] [10] The organic light-emitting device according to
any one of the items [ 1] to [9] wherein in the general formula
(1), Ahas a heteroaromatic ring containing a nitrogen atom.
[0023] [11] The organic Light-emitting device according
to the item [10], wherein in the general formula (1), A has
a triazine ring.

[0024] [12] The organic light-emitting device according to
the item [11], wherein the triazine ring is substituted with a
phenyl group.

[0025] [13] The organic light-emitting device according to
any one of the items [10] to [12], wherein in the general
formula (1), A is bonded to the carborane through the
heteroaromatic ring containing a nitrogen atom.

[0026] [14] The organic light-emitting device according to
any one of the items [10] to [12], wherein in the general
formula (1), A represents a group represented by the fol-
lowing general formula (3):

(Het),,-Ar*—

General Formula (3)

wherein in the general formula (3), Het represents a substi-
tuted or unsubstituted heteroaromatic ring group (provided
that the heteroaromatic ring group contains a nitrogen atom
as a ring structure constituting atom); n2 represents an
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integer of from 1 to 4; and Ar® represents a substituted or
unsubstituted aromatic group having a valence of (n2+1).
[0027] [15] The organic light-emitting device according to
the item [14], wherein in the general formula (3), n2
represents 1 or 2.

[0028] [16] The organic light-emitting device according to
any one of the items [11] to [15], wherein the compound
represented by the general formula (1) is an o-carborane
compound or a m-carborane compound.

[0029] [17] The organic light-emitting device according to
any one of the items [1] to [16], wherein the organic
light-emitting device is an organic electroluminescent
device.

[0030] [18] The organic light-emitting device according to
any one of the items [1] to [17], wherein the organic
light-emitting device emits delayed fluorescent light.
[0031] A host material containing a compound repre-
sented, by the following general formula (1):

AN
Ay

/ \
TR
/X\' NN

General Formula (1)

-—D
X5\ 10/X4

wherein in the general formula (1), X' to X'* each indepen-
dently represent C or BH constituting carborane, provided
that, among X" to X2, the bonding positions to A and D each
represent C, and the other thereof each represent BH; A
represents an acceptor bonded to the carborane through an
aromatic ring or a heteroaromatic ring; and D represents a
donor bonded to the carborane through an aromatic ring or
a heteroaromatic ring.

[0032] [20] A light-emitting material containing a com-
pound represented by the following general formula (1):

A
YA
A

General Formula (1)

wherein in the general formula (1), X* to X*? each indepen-
dently represent C or BH constituting carborane, provided
that among X* to X*?, the bonding positions to A and D each
represent C, and the other thereof each represent BH; A
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represents an acceptor bonded to the carborane through an
aromatic ring or a heteroaromatic ring: and D represents a
donor bonded to the carborane through an aromatic ring or
a heteroaromatic ring.

[0033] [21] A delayed fluorescent emitter containing a
compound represented by the following general formula (1):

General Formula (1)

A —|\\ X7'/—\\ XQ/ |— D

wherein in the general formula (1), X" to X'* each indepen-
dently represent C or BH constituting carborane, provided
that among X" to X*?, the bonding positions to A and D each
represent C, and the other thereof each represent BH; A
represents an acceptor bonded to the carborane through an
aromatic ring or a heteroaromatic ring; and D represents a
donor bonded to the carborane through an aromatic ring or
a heteroaromatic ring.

[0034] [22] A compound represented by the following
general formula (1%):

General Formula (17)

wherein In the general formula (17, X" to X**' each inde-
pendently represent C or BH constituting carborane, pro-
vided that among X" to X', the bonding positions to A' and
D' each represent C, and the other thereof each represent
BH; A' represents an acceptor bonded to the carborane
through an aromatic ring or a hetero-aromatic ring; and D'
represents a donor bonded to the carborane through an
aromatic ring or a heteroaromatic ring,

Advantageous Effects of Invention

[0035] The compound represented by the general formula
(1) is useful, as a host material and/or a light-emitting
material. The compound of the invention includes one that
emits delayed fluorescent light. The organic light-emitting
device using the compound of the invention as a host
material or a light-emitting material is capable of achieving
a high light emission efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0036] FIG. 1 shows a schematic cross sectional view
showing an example of a layer structure of an organic
electroluminescent device.
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[0037] FIG. 2 shows the light emission and absorption
spectra of the thin film organic photoluminescent device of
4CzIPN and the compound 1 in Example 1.

[0038] FIG. 3 shows the light emission spectrum of the
organic electroluminescent device of 4CzIPN and the com-
pound 1 in Example 2.

[0039] FIG. 4 is a graph showing the voltage-current
density-luminance characteristics of the organic electrolu-
minescent device of 4CzIPN and the compound 1 in
Example 2.

[0040] FIG. 5 is a graph showing the current density-
external quantum efficiency characteristics of the organic
electroluminescent device of 4CzIPN and the compound 1 in
Example 2.

[0041] FIG. 6 shows the light emission and absorption
spectra of the toluene solutions before bubbling with nitro-
gen and the thin film organic photo luminescent device of
the compound 1 in Example 3.

[0042] FIG. 7 shows the light emission and absorption
spectra of the toluene solutions after bubbling with nitrogen
and the thin film organic photoluminescent device of the
compound 1 in Example 3.

[0043] FIG. 8 shows the light emission spectra for fluo-
rescent light, delayed fluorescent light, and total fluorescent
light of the organic photoluminescent device of the com-
pound 1 in Example 3.

[0044] FIG. 9 shows the transient decay curve of the
organic photoluminescent device of the compound 1 in
Example 3.

[0045] FIG. 10 shows the light emission and absorption
spectra of the toluene solution of the compound 2 in
Example 4.

DESCRIPTION OF EMBODIMENTS

[0046] The contents of the invention will be described in
detail below. The constitutional elements may be described
below with reference to representative embodiments and
specific examples of the invention, but the invention is not
limited to the embodiments and the examples. In the descrip-
tion, a numerical range expressed with reference to an upper
limit and/or a lower limit means a range that includes the
upper limit and/or the lower limit. In the invention, the
hydrogen atom that is present in a molecule of the compound
used in the Invention is not particularly limited in isotope
species, and tot example, all the hydrogen atoms in the
molecule may be ‘H, and all or a part of them may be *H
(deuterium (D)).

Compound Represented by General Formula (1)

[0047] The organic light-emitting device of the invention
contains a compound represented by the following general
formula (1).

SN
A—T‘X% %Xs)/ T—D

Py

NE

General Formula (1)
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[0048] In the general formula (1), X* to X*? each inde-
pendently represent C or BH constituting carborane, pro-
vided, that among X" to X*2, the bonding positions to ft and
D each represent C, and the other thereof each represent BH.
Among X" to X'2, the bonding positions to A and D may be
any of X* to X', and in the case where any one of A and D
is bonded to X", the other thereof is preferably bonded to X*
or X*. Accordingly, the compound represented by the gen-
eral formula (1) is preferably an o-carborane compound or
a m-carborane compound. Among X" to X', BH may have
a substituent substituting the hydrogen atom. For the
descriptions and the preferred ranges of the substituent
capable of being substituted on X* to X'?, reference may be
made to the descriptions and the preferred ranges of the
substituent that may be represented by R* and R? described
later.

[0049] D represents a donor bonded to the carborane
through an aromatic ring or a heteroaromatic ring. The
“donor” referred in the invention means an aromatic sub-
stituent having an electron donating function to the carbo-
rane.

[0050] The donor represented by D has at least one
aromatic ring or heteroaromatic ring, and is bonded to the
carborane through the aromatic ring or heteroaromatic ring.
Examples of the aromatic ring and the heteroaromatic ring
include a benzene ring, a pyridine ring, a pyridazine ring, a
pyrimidine ring, a triazine ring, a triazole ring, a thiazole
ring, and a pyrrole ring, and the donor is preferably bonded
to the carborane through a benzene ring among these. The
bonding position to the carborane in the aromatic ring or the
heteroaromatic ring is not particularly limited, and the donor
is preferably bonded to the carborane at a carbon atom
among the atoms constituting the aromatic ring or the
heteroaromatic ring.

[0051] D preferably has a diphenylamino group or a
carbazolyl group. The diphenylamino group and the carba-
zolyl group may be substituted with a substituent. For the
descriptions and the preferred ranges of the substituent
capable of being substituted or the diphenylamino group and
the carbazolyl group, reference may be made to the descrip-
tions and the preferred ranges of the substituent that may be
represented by R' and R>.

[0052] D is also preferably a group represented by the
following general formula (2).

[(R)(R?)N, (—Ar'—

[0053] In the general formula (2), R' and R? each inde-
pendently represent a substituent.

[0054] Examples of the substituent that may be repre-
sented by R' and R? include a hydroxy group, a halogen
atom, a cyano group, an alkyl group having from 1 to 20
carbon atoms, an alkoxy group having from 1 to 20 carbon
atoms, an alkylthio group having from 1 to 20 carbon atoms,
an alkyl-substituted amino group having from 1 to 20 carbon
atoms, an acyl group having from 7 to 20 carbon atoms, an
aryl group having from 6 to 40 carbon atoms, a heteroaryl
group having from 3 to 40 carbon atoms, an alkenyl group
having from 2 to 10 carbon atoms, an alkynyl group having
from 2 to 10 carbon atoms, an alkoxycarbonyl group having
from 2 to 10 carbon atoms, an alkylsulfonyl group having
from 1 to 10 carbon atoms, a haloalkyl group having from
1 to 10 carbon atoms, an amide group, an alkyl amide group
having from 2 to 10 carbon atoms, a trialkylsilyl group
having from 3 to 20 carbon atoms, a trialkylsilylalkyl group

General Formula (2)
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having from 4 to 20 carbon atoms, a trialkylsilylalkenyl
group having from 5 to 20 carbon atoms, a trialkylsilylal-
kynyl group having from 5 to 20 carbon atoms, and a nitro
group. In these specific examples, the substituent that is
capable of being further substituted with a substituent may
be substituted. More preferred examples of the substituent
include a halogen atom, a cyano group, a substituted or
unsubstituted alkyl group having from 1 to 20 carbon atoms,
an alkoxy group having from 1 to 20 carbon atoms, a
substituted or unsubstituted aryl group having from 6 to 40
carbon atoms, a substituted or unsubstituted heteroaryl
group having from 3 to 40 carbon atoms, and a dialkyl-
substituted amino group having from 1 to 20 carbon atoms.
Further preferred examples of the substituent include a
fluorine atom, a chlorine atom, a cyano group, a substituted
or unsubstituted alkyl group having from 1 to 10 carbon
atoms, a substituted or unsubstituted alkoxy group having
from 1 to 10 carbon atoms, a substituted or unsubstituted
aryl group having from 6 to 15 carbon atoms, and a
substituted or unsubstituted heteroaryl group having from 3
to 12 carbon atoms.

[0055] R' and R* may be bonded to each other to form a
cyclic structure. The cyclic structure may be an aromatic
ring or an aliphatic ring, and may be a structure containing
a hetero atom, and the cyclic structure may be a condensed
ring containing two or more rings. The hetero atom referred
herein is preferably selected from the group consisting of a
nitrogen atom, an oxygen atom, and a sulfur atom. Examples
of the cyclic structure formed include a benzene ring, a
naphthalene ring, a pyridine ring, a pyridazine ring, a
pyrimidine ring, a pyrazine ring, a pyrrole ring, an imidazole
ring, a pyrazole ring, a triazole ring, an imidazoline ring, an
oxazole ring, an isoxazole ring, a thiazole ring, an isothiaz-
ole ring, a cyclohexadiene ring, a cyclohexene ring, a
cyclopentaene ring, a cycloheptatriene ring, a cycloheptadi-
ene ring, and a cycloheptaene ring.

[0056] nl represents an integer of from 1 to 4, and
preferably 1 or 2. In the case where nl is an integer of from
2 to 4, the plural groups represented by [(R')(R*)N] may be
the same as or different from each other.

[0057] Ar' represents a substituted or unsubstituted aro-
matic group having a valence of (n1+1). The aromatic group
referred herein includes a monocyclic aromatic group and
also includes an aromatic group having a ring aggregated
structure containing two or more aromatic rings bonded
through a single bond, such as biphenylene, and an aromatic
group having a polycyclic condensed structure containing
two or more aromatic rings condensed, such as naphthalene.
Specifically, the aromatic group is preferably an aromatic
hydrocarbon group having from 6 to 18 carbon atoms, more
preferably a residual group of a benzene ring, a biphenylene
ring, a naphthalene ring, a fluorene ring, or a triphenylene
ring, further preferably a residual group of a benzene ring,
and still further preferably a divalent residual group of a
benzene ring having bonding positions at the 1-position and
the 4-position (i.e., a 1,4-phenylene group). The aromatic
group may be substituted with a substituent. For the descrip-
tions and the preferred ranges of the substituent capable of
being substituted on the aromatic group, reference may be
made to the descriptions and the preferred ranges of the
substituent that may be represented by R* and R above.

[0058] A represents an acceptor bonded to the carborane
through an aromatic ring or a heteroaromatic ring. The
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“acceptor” referred in the invention means an aromatic
substituent hawing an electron withdrawing function to the
carborarne.

[0059] The acceptor represented by A has at least one
aromatic ring or heteroaromatic ring, and is bonded to the
carborane through the aromatic ring or heteroaromatic ring.
For the specific examples of the aromatic ring and the
heteroaromatic ring, reference may be made to the specific
examples of the aromatic ring and the heteroaromatic ring of
the donor bonded to the carborane. The bonding position to
the carborane in the aromatic ring or the heteroaromatic ring
is not particularly limited, and the acceptor is preferably
bonded to the carborane at a carbon atom among the atoms
constituting the aromatic ring or the heteroaromatic ring.

[0060] A preferably has a heteroaromatic ring containing
a nitrogen atom. Examples of the heteroaromatic ring con-
taining a nitrogen atom include a pyridine ring, a pyridazine
ring, a pyrimidine ring, a triazine ring, a triazole ring, a
thiazole ring, and a pyrrole ring, and a triazine ring is
preferred. The heteroaromatic ring containing a nitrogen
atom may be substituted with a substituent. For the descrip-
tions and the preferred ranges of the substituent capable of
being substituted on the heteroaromatic ring containing a
nitrogen atom, reference may be made to the descriptions
and the preferred ranges of the substituent that may be
represented by R' and R* above. In the casts where the
heteroaromatic ring containing a nitrogen atom is a triazine
ring, the triazine ring is preferably substituted with a phenyl
group. In the case where A has a heteroaromatic ring
containing a nitrogen atom, the heteroaromatic ring contain-
ing a nitrogen atom may be bonded to the carborane through
a single bond, or may be bonded to the carborane through an
aromatic group Ar” as a linking group, as represented by the
following general formula (3)

(Het),,-Ar*— General Formula (3)
[0061] In the general formula (3), Het represents a sub-
stituted or unsubstituted heteroaromatic ring group (pro-
vided that the heteroaromatic ring group contains a nitrogen
atom as a ring structure constituting atom). Examples of the
heteroaromatic ring group containing a nitrogen atom
include residual groups of a pyridine ring, a pyridazine ring,
a pyrimidine ring, a triazine ring, a triazole ring, a thiazole
ring, and a pyrrole ring, and a residual group of a triazine
ring is preferred. In the case where the heteroaromatic ring
group has a substituent, for the descriptions and the pre-
ferred ranges of the substituent, reference may be made to
the descriptions and the preferred ranges of the substituent
that may be represented by R! and R* above. In the case
where the heteroaromatic ring group containing a nitrogen
atom is a residual group of a triazine ring, the residual group
of a triazine ring is preferably substituted with a phenyl
group.

[0062] n2 represents an integer of from 1 to 4, and
preferably 1 or 2. In the case where n2 is an integer of from
2 to 4, the plural groups represented by Het may be the same
as or different from each other.

[0063] Ar” represents a substituted or unsubstituted aro-
matic group having a valence of (n2+1). For the descriptions
and the preferred ranges of the aromatic group represented
by Ar?, reference may be made to the descriptions and the
preferred examples of the aromatic group represented by
Ar',
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[0064] Preferred examples of the compound represented
by the general formula (1) include a compound having a
structure containing a m-carborane or an o-carborane having
bonded thereto a donor D having a carbazole ring and an
acceptor A having a triazine ring, and more preferred
examples of the compound include a compound having a
structure containing a m-carborane or an o-carborane having
bonded thereto a donor D having a carbazole ring and an
acceptor A having a triazine ring, in which at least the
carbazole ring of D is bonded to the carborane through a
phenylene ring.

[0065] Specific examples of the compound represented by
the general formula (1) are shown below. However, the
compound represented by the general formula (1) capable of
being used in the invention is not construed as being limited
to the specific examples.
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[0066] The molecular weight of the compound repre-
sented by the general formula (1) is preferably 1,500 or less,
more preferably 1,200 or less, and further preferably 1,000
or less, for example, in the case where an organic layer
containing the compound represented by the general formula
(1) 1s intended to be formed as a film by a vapor deposition
method. The lower limit of the molecular weight is the
molecular weight of the smallest compound represented by
the general formula (1).

[0067] The compound represented by the general formula
(1) may be formed into a film by a coating method irrespec-
tive of the molecular weight thereof. The compound that has
a relatively large molecular weight may be formed into a
film by a coating method.

[0068] As an application of the invention, it may be
considered that a compound that contains plural structures
each represented by the general formula (1) in the molecule
is used as a host material or a light-emitting material.

[0069] For example, it may be considered that a polym-
erizable group is introduced in advance to the structure
represented by the general formula (1), and a polymer
obtained by polymerizing the polymerizable group is used as
a light-emitting material. Specifically, it may be considered
that a monomer that has a polymerizable functional group at
any of X! to X'2 A, and D in the general formula (1) is
prepared, and is homopolymerized or copolymerized with
another monomer to prepare a polymer containing repeating
units, and the polymer is used as a host material or a
light-emitting material. In alternative, it may be considered
that the compounds represented by the general formula (1)
are reacted to form a dimer or a trimer, and the dimer or the
trimer is used as a light-emitting material.

[0070] Examples of the polymer having the repeating unit
containing the structure represented by the general formula
(1) include a polymer containing a structure represented by
the following general formula (4) or (5).
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General Formula (4)
i
Ll RlOl
-
Il{l[)l I|{103
General Formula (5)
Q
!
—(—l:C-)n—
1|{104
[0071] In the general formulae (4) and (5), Q represents a

group containing the structure represented by the general
formula (1), and L' and L* each represent a linking group.
The linking group preferably has from 0 to 20 carbon atoms,
more preferably from 1 to 15 carbon atoms, and further
preferably from 2 to 10 carbon atoms. The linking group
preferably has a structure represented by —X'°!-L'.
wherein X'°! represents an oxygen atom or a sulfur atom,
and preferably an oxygen atom, and L'* represents a linking
group, preferably a substituted or unsubstituted alkylene
group or a substituted or unsubstituted arylene group, and
more preferably a substituted or unsubstituted alkylene
group having from 1 to 10 carbon atoms or a substituted or
unsubstituted phenylene group.

[0072] In the general formulae (4) and (5), R'!, R'?
R'® and R'® each independently represent a substituent,
preferably a substituted or unsubstituted alkyl group having
from 1 to 6 carbon atoms, a substituted or unsubstituted
alkoxy group having from 1 to 6 carbon atoms, or a halogen
atom, more preferably an unsubstituted alkyl group having
from 1 to 3 carbon atoms, an unsubstituted alkoxy group
having from 1 to 3 carbon atoms, a fluorine atom or a
chlorine atom, and further preferably an unsubstituted alkyl
group having from 1 to 3 carbon atoms or an unsubstituted
alkoxy group having from 1 to 3 carbon atoms.

[0073] The linking group represented by L' and L.> may be
bonded to any of X' to X', A, and D of the structure of the
general formula (1), any of R, R? and Ar" of the structure
of the general formula (2), and any of Het and Ara of the
structure of the general, formula (3), constituting Q. Two
armors of the linking groups may be boded to one group
represented by Q to form a crosslinked structure or a
network structure.

[0074] Specific examples of the structure of the repeating
unit include structures represented by the following formu-
lae (6) to (9).

Formula (6)

n

28
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-continued
Formula (7)
X
n
Formula (8)
0
Formula (9)
x

n

[0075] The polymer having the repeating unit containing
the structure represented by any of the formulae (6) to (9)
may be synthesized in such a manner that a hydroxy group
is introduced to any of X' to X*?, A, and D in the structure
represented by the general formula (1), and the hydroxy
group as a linker is reacted with the following compound to
introduce a polymerizable group thereto, followed by
polymerizing the polymerizable group.

NS HO\/\

i<

[0076] The polymer containing the structure represented
by the general formula (1) in the molecule may be a polymer
containing only a repeating unit having the structure repre-
sented by the general formula (1), or a polymer further
containing a repeating unit having another structure. The
repeating unit, having the structure represented by the gen-
eral formula (1) contained in the polymer may be only one
kind or two or more kinds. Examples of the repeating unit
that does not have the structure represented by the general
formula (1) include a repeating unit derived from a mono-
mer that is used for ordinary copolymerization. Examples of
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the repeating unit include a repeating unit derived from a
monomer having an ethylenic unsaturated bond, such as
ethylene and styrene.

Compound Represented by General Formula (1)

[0077] The compound represented by the general formula
(1) is a novel compound.

General Formula (1)

xZ
X' —Xxxxs'
\.7/\ / |
N AT

[0078] In the general formula (1), X" to X** each inde-
pendently represent C or BH constituting carborane, pro-
vided that among X" to X*#, the bonding positions to A’ and
D' each represent C, and the other thereof each represent
BH; A' represents an acceptor bonded to the carborane
through an aromatic ring or a heteroaromatic ring; and D'
represents a donor bonded to the carborane through an
aromatic ring or a heteroaromatic ring.

[0079] For the descriptions and the preferred ranges of X'
to X', A", and D', reference may be made to the descriptions
of the compound represented by the general formula (1).

Synthesis Method of Compound Represented by
General Formula (1"

[0080] The compound represented by the general formula
(1') may be synthesized by combining the known reactions.
For example, a compound represented by the general for-
mula (1), in which X*' represents a group represented by the
general formula (3), X represents a group represented by
the general formula (2), and Ar' and Ar® each represent a
phenylene group, can be synthesized by reacting the fol-
lowing two compounds.

NEHRH],

HCH/AC *
VAV,
[0081] For the descriptions of R', R?, Het, nl, and n2 in

the aforementioned reaction scheme, reference may be made
to the corresponding descriptions in the general formulae (2)
and (3). X represents a halogen atom, examples of which
include a fluorine atom, a chlorine atom, a bromine atom,
and an iodine atom, and a chlorine atom, a bromine atom,
and an iodine atom are preferred.
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[0082] The reactions in the aforementioned scheme each
are an application of the known reactions, and the known
reaction conditions may be appropriately selected and used.
For the details of the reactions, reference may be made to the
synthesis examples described later. The compound repre-
sented by the general formula (1') may also be synthesized
by combining the other known synthesis reactions.

Organic Light-Emitting Device

[0083] The compound represented by the general formula
(1) of the invention is useful as a host material and/or a
light-emitting material of an organic light-emitting device.
Accordingly, the compound represented by the general for-
mula (1) of the invention may be effectively used as a host
material or a light-emitting material in a light-emitting layer
of an organic light-emitting device. The compound repre-
sented by the general formula (1) includes a delayed fluo-
rescent emitter emitting delayed fluorescent light. Thus, the
invention provides an invention relating to a delayed fluo-
rescent emitter having the structure represented by the
general formula (1), an invention relating to the use of the
compound represented by the general formula (1) as the
delayed fluorescent emitter, and an invention relating to a
method for emitting delayed fluorescent light with the
compound represented by the general formula (1). An
organic light-emitting device that uses the compound as a
light-emitting material has features that the device emits
delayed fluorescent light and has a high light emission
efficiency. The principle of the features may be described as
follows for an organic electroluminescent device as an
example.

[0084] In an organic electroluminescent device, carriers
are injected from an anode and a cathode to a light-emitting
material to form an excited state for the light-emitting
material, with which light is emitted. In the case of a carrier
injection type organic electroluminescent device, in general,
excitons that are excited to the excited singlet, state are 25%
of the total excitons generated, and the remaining 75%
thereof are excited to the excited triplet state. Accordingly,
the use of phosphorescence, which is light omission from the
excited triplet state, provides a high energy utilization.
However, the excited triplet state has a long lifetime and thus
causes saturation of the excited state and deactivation of
energy through mutual action with the excitons in the
excited triplet state, and therefore the quantum yield of
phosphorescence may generally be often not high. A delayed
fluorescent material emits fluorescent light through the
mechanism that the energy of excitons transits to the excited
triplet state through intersystem crossing or the like, and
then transits to the excited singlet state through reverse
intersystem crossing due to triplet-triplet annihilation or
absorption of thermal energy, thereby emitting fluorescent
light. It is considered that among the materials, a thermal
activation type delayed fluorescent material emitting light
through absorption of thermal energy is particularly useful
for an organic electroluminescent device. In the case where
a delayed fluorescent material is used in an organic elec-
troluminescent device, the excitons in the excited singlet
state normally emit fluorescent light. On the other hand, the
excitons in the excited triplet state emir, fluorescent light
through intersystem crossing to the excited singlet state by
absorbing the heat generated by the device. At this time, the
light emitted through reverse intersystem crossing from the
excited triplet state to the excited singlet state has the same
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wavelength as fluorescent, light since it is light emission
from the excited singlet state, but has a longer lifetime (light
emission lifetime) than the normal fluorescent light and
phosphorescent light, and thus the light is observed as
fluorescent light that is delayed from the normal fluorescent
light and phosphorescent light. The light may be defined as
delayed fluorescent light. The use of the thermal activation
type exciton transition mechanism may raise the proportion
of the compound in the excited singlet state, which is
generally formed in a proportion only of 25%, to 25% or
more through the absorption of the thermal energy after the
carrier injection. A compound that emits strong fluorescent
light and delayed fluorescent light at a low temperature of
lower than 100° C. undergoes the intersystem crossing from
the excited triplet state to the excited singlet state sufficiently
with the heat of the device, thereby emitting delayed fluo-
rescent light, and thus the use of the compound may dras-
tically enhance the light emission efficiency,

[0085] The use of the compound represented by the gen-
eral formula (1) of the invention as a host material or a
light-emitting material of a light-emitting layer may provide
an excellent organic light-emitting device, such as an
organic photoluminescent device (organic EL device) and an
organic electroluminescent device (organic EL device). At
this time, the compound represented by the general formula
(1) of the invention may have a function of assisting light
emission of another light-emitting material contained in the
light-emitting layer, i.e., as a so-called assist dopant. Spe-
cifically, the compound represented by the general formula
(1) of the invention contained in the light-emitting layer may
have a lowest excited singlet energy level that is between the
lowest excited singlet energy level of the host material
contained in the light-emitting layer and the lowest excited
singlet energy level of the another light-emitting material
contained in the light-emitting layer.

[0086] The organic photoluminescent device has a struc-
ture containing a substrate having formed thereon at least a
light-emitting layer. The organic electroluminescent device
has a structure containing at least an anode, a cathode and an
organic layer formed between the anode and the cathode.
The organic layer contains at least a light-emitting layer, and
may be formed only of a light-emitting layer, or may have
one or more organic layer in addition to the light-emitting
layer. Examples of the organic layer include a hole trans-
porting layer, a hole injection layer, an electron barrier layer,
a hole barrier layer, an electron injection layer, an electron
transporting layer and an exciton barrier layer. The hole
transporting layer may be a hole injection and transporting
layer having a hole injection function, and the electron
transporting layer may be an electron injection and trans-
porting layer having an electron injection function. A spe-
cific structural example of an organic electroluminescent
device is shown in FIG. 1. In FIG. 1, the numeral 1 denotes
a substrate, 2 denotes an anode, 3 denotes a hole injection
layer, 4 denotes a hole transporting layer, 5 denotes a
light-emitting layer, 6 denotes an electron transporting layer,
and 7 denotes a cathode.

[0087] The members and the layers of the organic elec-
troluminescent device will be described below. The descrip-
tions for the substrate and the light-emitting layer may also
be applied to the substrate and the light-emitting layer of the
organic photoluminescent device.

Jul. 27,2017

Substrate

[0088] The organic electroluminescent device of the
invention is preferably supported by a substrate. The sub-
strate is not particularly limited and may be those that have
been commonly used in an organic electroluminescent
device, and examples thereof used include those formed of
glass, transparent plastics, quartz, and silicon.

Anode

[0089] The anode of the organic electroluminescent device
used is preferably formed of as an electrode material a metal,
an alloy or an electroconductive compound each having a
large work function (4 eV or more), or a mixture thereof.
Specific examples of the electrode material include a metal,
such as Cul and an electroconductive transparent material,
such as Cul, indium tin oxide (ITO), SnO, and ZnO. A
material that is amorphous and is capable of forming a
transparent electroconductive film, such as IDIXO (In,O;—
Zn0), may also be used. The anode may be formed in such
a manner that the electrode material is formed into a thin
film by such a method as vapor deposition or sputtering, and
the film is patterned into a desired pattern by a photolithog-
raphy method, or in the case where the pattern may not
require high accuracy (for example, approximately 100 pm
or more), the pattern may be formed with a mask having a
desired shape on vapor deposition or sputtering of the
electrode material. In alternative, in the case where a mate-
rial capable of being applied as a coating, such as an organic
electroconductive compound, is used, a wet film forming
method, such as a printing method and a coating method,
may be used. In the case where emitted light is to be taken
out through the anode, the anode preferably has a transmit-
tance of more than 10%, and the anode preferably has a sheet
resistance of several hundred Ohm per square or less. The
thickness thereof may be generally selected from a range of
from 10 to 1,000 nm, and preferably from 10 to 200 nm,
while depending on the material used.

Cathode

[0090] The cathode is preferably formed of as an electrode
material a metal having a small work function (4 eV or less)
(referred to as an electron injection metal, an alloy or an
electroconductive compound each having a small work
fanction (4 eV or less), or a mixture thereof. Specific
examples of the electrode material include sodium, a
sodium-potassium alloy, magnesium, lithium, a magnesium-
cupper mixture, a magnesium-silver mixture, a magnesium-
aluminum mixture, a magnesium-indium mixture, an alu-
minum-aluminum oxide (Al,Q;) mixture, indium, a lithium-
aluminum mixture, and a rare earth metal. Among these, a
mixture of an electron injection metal and a second metal
that is a stable metal having a larger work function than the
electron injection metal, for example, a magnesium-silver
mixture, a magnesium-aluminum mixture, a magnesium-
indium mixture, an aluminum-aluminum oxide (Al,O;)
mixture, a lithium-aluminum mixture, and aluminum, are
preferred from the standpoint of the electron injection prop-
erty and the durability against oxidation and the like. The
cathode may be produced by forming the electrode material
into a thin film by such a method as vapor deposition or
sputtering. The cathode preferably has a sheet resistance of
several hundred Ohm per square or less, and the thickness
thereof may be generally selected from a range of from 10
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nm to 5 pm, and preferably from 50 to 200 nm. For
transmitting the emitted light, any one of the anode and the
cathode of the organic electroluminescent device is prefer-
ably transparent or translucent, thereby enhancing the light
emission luminance.

[0091] The cathode may be formed with the electrocon-
ductive transparent materials described for the anode,
thereby forming a transparent or translucent cathode, and by
applying the cathode, a device having an anode and a
cathode, both of which have transmittance, may be pro-
duced.

Light-Emitting Layer

[0092] The light-emitting layer is a layer, in which holes
and electrons injected from the anode and the cathode,
respectively, are recombined to form excitons, and then the
layer emits light. A light-emitting material may be solely
used as the light-emitting layer, but the light-emitting layer
preferably contains a light-emitting material and a host
material.

[0093] In the case where the compound represented by the
general formula (1) as a host material, one kind or two or
more kinds selected from a group of compounds represented
by the general formula (1) may be used. The light-emitting
material may be a fluorescent light-emitting material or may
be a phosphorescent light-emitting material, and in the case
using a fluorescent light-emitting material, the light-emitting
material is preferably one that emits delayed fluorescent
light. A high light emission efficiency can be obtained
thereby. In order that the organic electroluminescent device
and the organic photoluminescent device of the invention
exhibit a high light emission efficiency, it is important that
the singlet excitons and the triplet excitons generated in the
light-emitting material are confined in the light-emitting
material. Accordingly, the light-emitting material combined
with the compound represented by the general formula (1) is
preferably a compound that has excited singlet, energy and
excited triplet energy, at least one of which is higher than
those of the compound represented by the general formula
(1). As a result, the singlet excitons and the triplet excitons
generated in the light-emitting material of the invention are
capable of being confined in the molecules of the light-
emitting material, thereby eliciting the light emission effi-
ciency thereof sufficiently.

[0094] Examples of the light-emitting material combined
with a host material containing the compound represented
by the general formula (1) include a light-emitting material
capable of emitting delayed fluorescent light. Preferred
examples of the light-emitting material will be described
below, but the light-emitting material capable of being used
in the invention is not limited to the following examples.

[0095] Preferred examples of the light-emitting material
include compounds represented by the following general
formula (101). The entire description of WO 2013/154064
including the paragraphs 0008 to 0048 and 0095 to 0133 is
incorporated herein by reference.
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General Formula (101)

R CN

R} R!

RZ

wherein in the general fornla (101), at least one of R to R’
represents a cyano group, at least one of R!'to R® represents
a group represented by the following general formula (111),
and the balance of R' to R? each represent a hydrogen atom
or a substituent.

General Formula (111)

RZZ R23

RZ 1 R24
RZS
—N R26
RZS R27

wherein in the general formula (111), R*! to R*® each
independently represent a hydrogen atom or a substituent,
provided that at least one of the following conditions (A) and
(B) is satisfied:

[0096] (A)R* and R*® together form a single bond, and

[0097] (B)R* and R*® together represent an atomic group
that is necessary for forming a substituted or unsubstituted
benzene ring,

[0098] In the general formula (101), at least one of R to
R® preferably represents a group represented by any one of
the following general formulae (112) to (115).

General Formula (112)

R®? R3
—N
¥ R36

wherein in the general formula (112), R*! to R3® each
independently represent a hydrogen atom or a substituent,
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General Formula (113)
e Y
[0099]
R4 R%
—N
R4 RS

wherein in the general formula (113) R*' to R*® each
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wherein in the general formula (115), R™* to R®*® each
independently represent a hydrogen atom or a substituent.

Specific examples of the compounds include the
compounds shown in the following tables. In the case where
two or more groups represented by any one of the general
formulae (112) to (115) are present in the molecule of the
following example compounds, ail the groups have the same
structure. The formulae (121) to (124) in the tables represent
the following formulae, respectively, and n represents the
number of the repeating units.

. . Formula (121)
independently represent a hydrogen atom or a substituent,
6]
General Formula (114) iv
n
Formula (122)
o]
j\«)/
a
R RS Formula (123)
wherein in the general formula (114), R*' to R%* each 0
independently represent a hydrogen atom or a substituent,
General Formula (115)
R72 R73
R7l R74 n
Formula (124)
R75 0
—N R6
RSO R7
R R N A
TABLE 1
Compound General formula (1) General formula (112)
No. R R2 R R R RPLR¥® R R3S RBR®  RM R
1 General General CN General General H H H H
formula (112)  formula (112) formula (112)  formula (112)
2 General General CN General General H CH, H H
formula (112)  formula (112) formula (112)  formula (112)
3 General General CN General General H CH;0 H H
formula (112)  formula (112) formula (112)  formula (112)
4 General General CN General General H H CH;, H

formula (112)

formula (112)

formula (112)

formula (112)
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Compound General formula (1) General formula (112)
No. R! R2 R R* RS R3LR¥® R® R RI RIS RM RP
3 General General CN General General H H CH,O H
formula (112)  formula (112) formula (112)  formula (112)
6 General General CN General General H H t-C,Hy H
formula (112)  formula (112) formula (112)  formula (112)
7 General General CN General General H H Cl H
formula (112)  formula (112) formula (112)  formula (112)
8 General General CN General General H H F H
formula (112)  formula (112) formula (112)  formula (112)
9 General General CN General General H H H CH,
formula (112)  formula (112) formula (112)  formula (112)
10 General General CN General General H H H CH,;0
formula (112)  formula (112) formula (112)  formula (112)
11 General General CN General H H H H H
formula (112)  formula (112) formula (112)
12 General General CN General H H CH, H H
formula (112)  formula (112) formula (112)
13 General General CN General H H CH;O H H
formula (112)  formula (112) formula (112)
14 General General CN General H H H CH, H
formula (112)  formula (112) formula (112)
15 General General CN General H H H CH,O H
formula (112)  formula (112) formula (112)
16 General General CN General H H H t-C4Hg H
formula (112)  formula (112) formula (112)
17 General General CN General H H H Cl H
formula (112)  formula (112) formula (112)
18 General General CN General H H H T H
formula (112)  formula (112) formula (112)
19 General General CN General H H H H CH,
formula (112)  formula (112) formula (112)
20 General General CN General H H H H CH,;0
formula (112)  formula (112) formula (112)
21 General General CN H H H H H H
formula (112)  formula (112)
22 General General CN H H H CH, H H
formula (112)  formula (112)
23 General General CN H H H CH,;0 H H
formula (112)  formula (112)
24 General General CN H H H H CH, H
formula (112)  formula (112)
25 General General CN H H H H CH,O H
formula (112)  formula (112)
26 General General CN H H H H t-C4Hg H
formula (112)  formula (112)
27 General General CN H H H H Cl H
formula (112)  formula (112)
28 General General CN H H H H T H
formula (112)  formula (112)
29 General General CN H H H H H CH,
formula (112)  formula (112)
30 General General CN H H H H H CH,0
formula (112)  formula (112)
31 General H CN General H H H H H
formula (112) formula (112)
32 General H CN General H H CH,4 H H
formula (112) formula (112)
33 General H CN General H H CH,O H H
formula (112) formula (112)
34 General H CN General H H H CH, H
formula (112) formula (112)
35 General H CN General H H H CH,O H
formula (112) formula (112)
36 General H CN General H H H t-C,H, H
formula (112) formula (112)
37 General H CN General H H H Cl H
formula (112) formula (112)
38 General H CN General H H H T H
formula (112) formula (112)
39 General H CN General H H H H CH,
formula (112) formula (112)
40 General H CN General H H H H CH,0
formula (112) formula (112)
41 General H CN H General H H H H

formula (112)

formula (112)
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Compound General formula (1) General formula (112)
No. R! R2 R R* RS R3LR¥® R® R RI RIS RM RP
42 General H CN H General H CH, H H
formula (112) formula (112)

43 General H CN H General H CH;O H H
formula (112) formula (112)

44 General H CN H General H H CH, H
formula (112) formula (112)

435 General H CN H General H H CH,O H
formula (112) formula (112)

46 General H CN H General H H t-C,H, H
formula (112) formula (112)

47 General H CN H General H H Cl H
formula (112) formula (112)

48 General H CN H General H H T H
formula (112) formula (112)

49 General H CN H General H H H CH,
formula (112) formula (112)

30 General H CN H General H H H CH,O
formula (112) formula (112)

51 General H CN H H H H H H
formula (112)

52 General H CN H H H CH, H H
formula (112)

33 General H CN H H H CH;0 H H
formula (112)

54 General H CN H H H H CH, H
formula (112)

35 General H CN H H H H CH,0 H
formula (112)

36 General H CN H H H H t-C,H, H
formula (112)

57 General H CN H H H H Cl H
formula (112)

58 General H CN H H H H T H
formula (112)

39 General H CN H H H H H CH,
formula (112)

60 General H CN H H H H H CH;O
formula (112)

6l General General CN General F H H H H
formula (112)  formula (112) formula (112)

62 General General CN General F H CH, H H
formula (112)  formula (112) formula (112)

63 General General CN General F H CH,;0 H H
formula (112)  formula (112) formula (112)

64 General General CN General F H H CH, H
formula (112)  formula (112) formula (112)

65 General General CN General F H H CH,O H
formula (112)  formula (112) formula (112)

66 General General CN General F H H t-C4Hg H
formula (112)  formula (112) formula (112)

67 General General CN General F H H Cl H
formula (112)  formula (112) formula (112)

68 General General CN General F H H T H
formula (112)  formula (112) formula (112)

69 General General CN General F H H H CH,
formula (112)  formula (112) formula (112)

70 General General CN General F H H H CH;0
formula (112)  formula (112) formula (112)

71 General General CN F F H H H H
formula (112)  formula (112)

72 General General CN F F H CH,4 H H
formula (112)  formula (112)

73 General General CN F F H CH,;0 H H
formula (112)  formula (112)

74 General General CN F F H H CH, H
formula (112)  formula (112)

75 General General CN F F H H CH,O H
formula (112)  formula (112)

76 General General CN F F H H t-C4Hg H
formula (112)  formula (112)

71 General General CN F F H H Cl H

formula (112)

formula (112)
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No. R! R2 R R* RS R3LR¥® R® R RI RIS RM RP
78 General General CN F F H H F H
formula (112)  formula (112)
79 General General CN F F H H H CH;
formula (112)  formula (112)
80 General General CN F F H H H CH,0
formula (112)  formula (112)
&1 General F CN General F H H H H
formula (112) formula (112)
&2 General F CN General F H CH, H H
formula (112) formula (112)
83 General F CN General F H CH,;0 H H
formula (112) formula (112)
84 General F CN General F H H CH, H
formula (112) formula (112)
85 General F CN General F H H CH,O H
formula (112) formula (112)
86 General F CN General F H H t-C,H, H
formula (112) formula (112)
&7 General F CN General F H H Cl H
formula (112) formula (112)
88 General F CN General F H H T H
formula (112) formula (112)
89 General F CN General F H H H CH,
formula (112) formula (112)
90 General F CN General F H H H CH,;0
formula (112) formula (112)
91 General F CN F General H H H H
formula (112) formula (112)
92 General F CN F General H CH, H H
formula (112) formula (112)
93 General F CN F General H CH,;0 H H
formula (112) formula (112)
94 General F CN F General H H CH, H
formula (112) formula (112)
95 General F CN F General H H CH,O H
formula (112) formula (112)
96 General F CN F General H H t-C4Hg H
formula (112) formula (112)
97 General F CN F General H H Cl H
formula (112) formula (112)
98 General F CN F General H H T H
formula (112) formula (112)
99 General F CN F General H H H CH,
formula (112) formula (112)
100 General F CN F General H H H CH,;0
formula (112) formula (112)
101 General F CN F F H H H H
formula (112)
102 General F CN F F H CH; H H
formula (112)
103 General F CN F F H CH,0 H H
formula (112)
104 General F CN F F H H CH, H
formula (112)
105 General F CN F F H H CH,0 H
formula (112)
106 General F CN F F H H t-C,4H, H
formula (112)
107 General F CN F F H H Cl H
formula (112)
108 General F CN F F H H F H
formula (112)
109 General F CN F F H H H CH,
formula (112)
110 General F CN F F H H H CH,0
formula (112)
111 General General CN General OH H H H H
formula (112)  formula (112) formula (112)
112 General General CN General OH H CH, H H
formula (112)  formula (112) formula (112)
113 General General CN General OH H CH,0 H H
formula (112)  formula (112) formula (112)
114 General General CN General OH H H CH, H

formula (112)

formula (112)

formula (112)
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115 General General CN General OH H H CH,O H
formula (112)  formula (112) formula (112)

116 General General CN General OH H H t-C,Hy H
formula (112)  formula (112) formula (112)

117 General General CN General OH H H Cl H
formula (112)  formula (112) formula (112)

118 General General CN General OH H H F H
formula (112)  formula (112) formula (112)

119 General General CN General OH H H H CH,
formula (112)  formula (112) formula (112)

120 General General CN General OH H H H CH,;0
formula (112)  formula (112) formula (112)

121 General General CN OH OH H H H H
formula (112)  formula (112)

122 General General CN OH OH H CH, H H
formula (112)  formula (112)

123 General General CN OH OH H CH;O H H
formula (112)  formula (112)

124 General General CN OH OH H H CH, H
formula (112)  formula (112)

125 General General CN OH OH H H CH,O H
formula (112)  formula (112)

126 General General CN OH OH H H t-C4Hg H
formula (112)  formula (112)

127 General General CN OH OH H H Cl H
formula (112)  formula (112)

128 General General CN OH OH H H T H
formula (112)  formula (112)

129 General General CN OH OH H H H CH,
formula (112)  formula (112)

130 General General CN OH OH H H H CH,;0
formula (112)  formula (112)

131 General OH CN General OH H H H H
formula (112) formula (112)

132 General OH CN General OH H CH, H H
formula (112) formula (112)

133 General OH CN General OH H CH,;0 H H
formula (112) formula (112)

134 General OH CN General OH H H CH, H
formula (112) formula (112)

135 General OH CN General OH H H CH,O H
formula (112) formula (112)

136 General OH CN General OH H H t-C4Hg H
formula (112) formula (112)

137 General OH CN General OH H H Cl H
formula (112) formula (112)

138 General OH CN General OH H H T H
formula (112) formula (112)

139 General OH CN General OH H H H CH,
formula (112) formula (112)

140 General OH CN General OH H H H CH,0
formula (112) formula (112)

141 General OH CN OH General H H H H
formula (112) formula (112)

142 General OH CN OH General H CH,4 H H
formula (112) formula (112)

143 General OH CN OH General H CH;O H H
formula (112) formula (112)

144 General OH CN OH General H H CH, H
formula (112) formula (112)

145 General OH CN OH General H H CH,0 H
formula (112) formula (112)

146 General OH CN OH General H H t-C4Hg H
formula (112) formula (112)

147 General OH CN OH General H H Cl H
formula (112) formula (112)

148 General OH CN OH General H H F H
formula (112) formula (112)

149 General OH CN OH General H H H CH,
formula (112) formula (112)

150 General OH CN OH General H H H CH,;0

formula (112)

formula (112)
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No. R! R2 R R* RS R3LR¥® R® R RI RIS RM RP
151 General OH CN OH OH H H H H
formula (112)

152 General OH CN OH OH H CH; H H
formula (112)

153 General OH CN OH OH H CH;O H H
formula (112)

154 General OH CN OH OH H H CH, H
formula (112)

155 General OH CN OH OH H H CH;O H
formula (112)

156 General OH CN OH OH H H t-C,H, H
formula (112)

157 General OH CN OH OH H H Cl H
formula (112)

158 General OH CN OH OH H H F H
formula (112)

159 General OH CN OH OH H H H CH,
formula (112)

160 General OH CN OH OH H H H CH,0
formula (112)

161 General General CN General Cl H H H H
formula (112)  formula (112) formula (112)

162 General General CN General Cl H CH, H H
formula (112)  formula (112) formula (112)

163 General General CN General Cl H CH,;0 H H
formula (112)  formula (112) formula (112)

164 General General CN General Cl H H CH, H
formula (112)  formula (112) formula (112)

165 General General CN General Cl H H CH,O H
formula (112)  formula (112) formula (112)

166 General General CN General Cl H H t-C4Hg H
formula (112)  formula (112) formula (112)

167 General General CN General Cl H H Cl H
formula (112)  formula (112) formula (112)

168 General General CN General Cl H H T H
formula (112)  formula (112) formula (112)

169 General General CN General Cl H H H CH,
formula (112)  formula (112) formula (112)

170 General General CN General Cl H H H CH,;0
formula (112)  formula (112) formula (112)

171 General General CN General F H H H H
formula (112)  formula (112) formula (112)

172 General General CN General F H CH, H H
formula (112)  formula (112) formula (112)

173 General General CN General F H CH,;0 H H
formula (112)  formula (112) formula (112)

174 General General CN General F H H CH, H
formula (112)  formula (112) formula (112)

175 General General CN General F H H CH,O H
formula (112)  formula (112) formula (112)

176 General General CN General F H H t-C4Hg H
formula (112)  formula (112) formula (112)

177 General General CN General F H H Cl H
formula (112)  formula (112) formula (112)

178 General General CN General F H H T H
formula (112)  formula (112) formula (112)

179 General General CN General F H H H CH,
formula (112)  formula (112) formula (112)

180 General General CN General F H H H CH,O
formula (112)  formula (112) formula (112)

181 General General CN General CH,0 H H H H
formula (112)  formula (112) formula (112)

182 General General CN General CH,0 H CH,4 H H
formula (112)  formula (112) formula (112)

183 General General CN General CH,0 H CH,O H H
formula (112)  formula (112) formula (112)

184 General General CN General CH,0 H H CH, H
formula (112)  formula (112) formula (112)

185 General General CN General CH,0 H H CH,O H
formula (112)  formula (112) formula (112)

186 General General CN General CH,0 H H t-C,H, H
formula (112)  formula (112) formula (112)

187 General General CN General CH,0 H H Cl H

formula (112)

formula (112)

formula (112)
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188 General General CN General CH,0 H H F H
formula (112)  formula (112) formula (112)

189 General General CN General C,HsO H H H CH;
formula (112)  formula (112) formula (112)

190 General General CN General C,Hs0 H H H CH,0
formula (112)  formula (112) formula (112)

191 General General CN General C,Hs50 H H H H
formula (112)  formula (112) formula (112)

192 General General CN General C,Hs0 H CH, H H
formula (112)  formula (112) formula (112)

193 General General CN General C,Hs50 H CH,;0 H H
formula (112)  formula (112) formula (112)

194 General General CN General C,HO H H CH, H
formula (112)  formula (112) formula (112)

195 General General CN General C,Hs0 H H CH,O H
formula (112)  formula (112) formula (112)

196 General General CN General C,HO H H t-C,H, H
formula (112)  formula (112) formula (112)

197 General General CN General C,Hs0 H H Cl H
formula (112)  formula (112) formula (112)

198 General General CN General C,HO H H T H
formula (112)  formula (112) formula (112)

199 General General CN General C,Hs0 H H H CH,
formula (112)  formula (112) formula (112)

200 General General CN General C,Hs0 H H H CH,;0
formula (112)  formula (112) formula (112)

201 General General CN General CgHsO H H H H
formula (112)  formula (112) formula (112)

202 General General CN General CgHsO H CH, H H
formula (112)  formula (112) formula (112)

203 General General CN General CgHsO H CH,;0 H H
formula (112)  formula (112) formula (112)

204 General General CN General CgHsO H H CH, H
formula (112)  formula (112) formula (112)

205 General General CN General CgHsO H H CH,O H
formula (112)  formula (112) formula (112)

206 General General CN General CgHsO H H t-C4Hg H
formula (112)  formula (112) formula (112)

207 General General CN General CgHsO H H Cl H
formula (112)  formula (112) formula (112)

208 General General CN General CgHsO H H F H
formula (112)  formula (112) formula (112)

209 General General CN General CgHsO H H H CH,
formula (112)  formula (112) formula (112)

210 General General CN General CgHsO H H H CH,;0
formula (112)  formula (112) formula (112)

211 General General CN General Formula (121) H H H H
formula (112)  formula (112) formula (112)

212 General General CN General Formula (121) H CH, H H
formula (112)  formula (112) formula (112)

213 General General CN General Formula (121) H CH,O H H
formula (112)  formula (112) formula (112)

214 General General CN General Formula (121) H H CH, H
formula (112)  formula (112) formula (112)

215 General General CN General Formula (121) H H CH,O H
formula (112)  formula (112) formula (112)

216 General General CN General Fommula (121) H H t-C,Hy H
formula (112)  formula (112) formula (112)

217 General General CN General Formula (121) H I Cl I
formula (112)  formula (112) formula (112)

218 General General CN General Formula (121) H H F H
formula (112)  formula (112) formula (112)

219 General General CN General Formula (121) H H H CH,
formula (112)  formula (112) formula (112)

220 General General CN General Fommula (121) H H H CH;O
formula (112)  formula (112) formula (112)

221 General General CN General Formula (122) H H H H
formula (112)  formula (112) formula (112)

222 General General CN General Formula (122) H CH, H H
formula (112)  formula (112) formula (112)

223 General General CN General Formula (122) H CH,;0 H H

formula (112)

formula (112)

formula (112)
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224 General General CN General Formula (122) H H CH, H
formula (112)  formula (112) formula (112)

225 General General CN General Formula (122) H H CH,O H
formula (112)  formula (112) formula (112)

226 General General CN General Formula (122) H H t-C,H, H
formula (112)  formula (112) formula (112)

227 General General CN General Formula (122) H H Cl H
formula (112)  formula (112) formula (112)

228 General General CN General Formula (122) H H F H
formula (112)  formula (112) formula (112)

229 General General CN General Formula (122) H H H CH,
formula (112)  formula (112) formula (112)

230 General General CN General Formula (122) H H H CH,O
formula (112)  formula (112) formula (112)

231 General General CN General Formula (123) H H H H
formula (112)  formula (112) formula (112)

232 General General CN General Formula (123) H CH,4 H H
formula (112)  formula (112) formula (112)

233 General General CN General Formula (123) H CH,;0 H H
formula (112)  formula (112) formula (112)

234 General General CN General Formula (123) H H CH, H
formula (112)  formula (112) formula (112)

235 General General CN General Formula (123) H H CH,O H
formula (112)  formula (112) formula (112)

236 General General CN General Formula (123) H H t-C4Hg H
formula (112)  formula (112) formula (112)

237 General General CN General Formula (123) H H Cl H
formula (112)  formula (112) formula (112)

238 General General CN General Formula (123) H H F H
formula (112)  formula (112) formula (112)

239 General General CN General Formula (123) H H H CH,
formula (112)  formula (112) formula (112)

240 General General CN General Formula (123) H H H CH,;0
formula (112)  formula (112) formula (112)

241 General General CN General Formula (124) H H H H
formula (112)  formula (112) formula (112)

242 General General CN General Formula (124) H CH, H H
formula (112)  formula (112) formula (112)

243 General General CN General Formula (124) H CH,;0 H H
formula (112)  formula (112) formula (112)

244 General General CN General Formula (124) H H CH, H
formula (112)  formula (112) formula (112)

245 General General CN General Formula (124) H H CH,O H
formula (112)  formula (112) formula (112)

246 General General CN General Formula (124) H H t-C4Hg H
formula (112)  formula (112) formula (112)

247 General General CN General Formula (124) H H Cl H
formula (112)  formula (112) formula (112)

248 General General CN General Formula (124) H H F H
formula (112)  formula (112) formula (112)

249 General General CN General Formula (124) H H H CH,
formula (112)  formula (112) formula (112)

250 General General CN General Formula (124) H H H CH,;0
formula (112)  formula (112) formula (112)

251 General General CN General General H CeHs H H
formula (112)  formula (112) formula (112)  formula (112)

252 General General CN General General H H CsHg H
formula (112)  formula (112) formula (112)  formula (112)

253 General General CN General H H CeHs H H
formula (112)  formula (112) formula (112)

254 General General CN General H H H CsHg H
formula (112)  formula (112) formula (112)

255 General General CN H H H CeHs H H
formula (112)  formula (112)

256 General General CN H H H H CgHs H
formula (112)  formula (112)

257 General H CN General H H CeHs H H
formula (112) formula (112)

258 General H CN General H H H CgHs H
formula (112) formula (112)

259 General H CN H General H CeHs H H
formula (112) formula (112)

260 General H CN H General H H CgHs H

formula (112)

formula (112)
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261 General H CN H H H CgHs H H
formula (112)

262 General H CN H H H H CgHs H
formula (112)

263 General General CN General F H C¢Hs H H
formula (112)  formula (112) formula (112)

264 General General CN General F H H CeHs H
formula (112)  formula (112) formula (112)

265 General General CN F F H C¢Hs H H
formula (112)  formula (112)

266 General General CN F F H H CeHs H
formula (112)  formula (112)

267 General F CN General F H CeHs H H
formula (112) formula (112)

268 General F CN General F H H CeHs H
formula (112) formula (112)

269 General F CN F General H CeHs H H
formula (112) formula (112)

270 General F CN F General H H CeHs H
formula (112) formula (112)

271 General F CN F F H CgHs H H
formula (112)

272 General F CN F F H H CgHs H
formula (112)

273 General General CN General OH H C4Hs H H
formula (112)  formula (112) formula (112)

274 General General CN General OH H H CeHs H
formula (112)  formula (112) formula (112)

275 General General CN OH OH H C4Hs H H
formula (112)  formula (112)

276 General General CN OH OH H H CeHs H
formula (112)  formula (112)

277 General OH CN General OH H CgHs H H
formula (112) formula (112)

278 General OH CN General OH H H CeHs H
formula (112) formula (112)

279 General OH CN OH General H CgHs H H
formula (112) formula (112)

280 General OH CN OH General H H CeHs H
formula (112) formula (112)

281 General OH CN OH OH H CeHs H H
formula (112)

282 General OH CN OH OH H H CgHs H
formula (112)

283 General General CN General Cl H CgHs H H
formula (112)  formula (112) formula (112)

284 General General CN General Cl H H CeHs H
formula (112)  formula (112) formula (112)

285 General General CN General F H CgHs H H
formula (112)  formula (112) formula (112)

286 General General CN General F H H CgHs H
formula (112)  formula (112) formula (112)

287 General General CN General CH,;0 H CgHs H H
formula (112)  formula (112) formula (112)

288 General General CN General CH,0 H H CeHs H
formula (112)  formula (112) formula (112)

289 General General CN General C,HO H CeHs H H
formula (112)  formula (112) formula (112)

290 General General CN General C,Hs0 H H CeHs H
formula (112)  formula (112) formula (112)

291 General General CN General CeHsO H CeHs H H
formula (112)  formula (112) formula (112)

292 General General CN General CgHsO H H CeHs H
formula (112)  formula (112) formula (112)

293 General General CN General Fommula (121) H CeHs H H
formula (112)  formula (112) formula (112)

294 General General CN General Formula (121) H H CgHs H
formula (112)  formula (112) formula (112)

295 General General CN General Formula (122) H CgHs H H
formula (112)  formula (112) formula (112)

296 General General CN General Formula (122) H H CeHs H

formula (112)

formula (112)

formula (112)
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297 General General CN General Formula (123) H C¢Hs H H
formula (112)  formula (112) formula (112)

208 General General CN General Formula (123) H H C¢Hs H
formula (112)  formula (112) formula (112)

299 General General CN General Formula (124) H C¢Hs H H
formula (112)  formula (112) formula (112)

300 General General CN General Formula (124) H H CeHs H
formula (112)  formula (112) formula (112)

TABLE 2

Compound General formula (1) General formula (112)
No. R R2 R R RS RPLR® R RY  R®PRM RM RS
301 General CN General General General H H H H

formula (112) formula (112)  formula (112)  formula (112)
302 General CN General General General H CH, H H
formula (112) formula (112)  formula (112)  formula (112)
303 General CN General General General H CH;O H H
formula (112) formula (112)  formula (112)  formula (112)
304 General CN General General General H H CH; H
formula (112) formula (112)  formula (112)  formula (112)
305 General CN General General General H H CH,O H
formula (112) formula (112)  formula (112)  formula (112)
306 General CN General General General H H t-C,Hy H
formula (112) formula (112)  formula (112)  formula (112)
307 General CN General General General H H Cl H
formula (112) formula (112)  formula (112)  formula (112)
308 General CN General General General H H F H
formula (112) formula (112)  formula (112)  formula (112)
309 General CN General General General H H H CHj;
formula (112) formula (112)  formula (112)  formula (112)
310 General CN General General General H H H CH;0
formula (112) formula (112)  formula (112)  formula (112)
311 General CN General General H H H H
formula (112) formula (112)  formula (112)
312 General CN General General H H H CH, H
formula (112) formula (112)  formula (112)
313 General CN General General H H H CH,O H
formula (112) formula (112)  formula (112)
314 General CN General H General H H H H
formula (112) formula (112) formula (112)
315 General CN General H General H H CH, H
formula (112) formula (112) formula (112)
316 General CN General H General H H CH,O H
formula (112) formula (112) formula (112)
317 General CN H General General H H H H
formula (112) formula (112)  formula (112)
318 General CN H General General H H CH, H
formula (112) formula (112)  formula (112)
319 General CN H General General H H CH,O H
formula (112) formula (112)  formula (112)
320 H CN General General General H H H H
formula (112)  formula (112)  formula (112)
321 H CN General General General H H CH, H
formula (112)  formula (112)  formula (112)
322 H CN General General General H H CH,O H
formula (112)  formula (112)  formula (112)
323 General CN General H H H H H
formula (112) formula (112)
324 General CN General H H H H CH, H
formula (112) formula (112)
325 General CN General H H H H CH,O H
formula (112) formula (112)
326 General CN H General H H H H H
formula (112) formula (112)
327 General CN H General H H H CH, H
formula (112) formula (112)
328 General CN H General H H H CH,O H

formula (112)

formula (112)
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329 H CN General General H H H H H

formula (112)  formula (112)
330 H CN General General H H H CH, H
formula (112)  formula (112)
331 H CN General General H H H CH,O H
formula (112)  formula (112)
332 General CN H H General H H H H
formula (112) formula (112)
333 General CN H H General H H CH, H
formula (112) formula (112)
334 General CN H H General H H CH,O H
formula (112) formula (112)
335 H CN General H General H H H H
formula (112) formula (112)
336 H CN General H General H H CH, H
formula (112) formula (112)
337 H CN General H General H H CH,O H
formula (112) formula (112)
338 H CN H General General H H H H
formula (112)  formula (112)
339 H CN H General General H H CH, H
formula (112)  formula (112)
340 H CN H General General H H CH,O H
formula (112)  formula (112)
341 General CN H H H H H H
formula (112)
342 General CN H H H H H CH, H
formula (112)
343 General CN H H H H H CH,0 H
formula (112)
344 H CN General H H H H H H
formula (112)
345 H CN General H H H H CH, H
formula (112)
346 H CN General H H H H CH,0 H
formula (112)
347 H CN H General H H H H H
formula (112)
348 H CN H General H H H CH, H
formula (112)
349 H CN H General H H H CH,0 H
formula (112)
350 General CN General General F H H H H
formula (112) formula (112)  formula (112)
351 General CN General General F H H CH, H
formula (112) formula (112)  formula (112)
352 General CN General General F H H CH,O H
formula (112) formula (112)  formula (112)
353 General CN General F General H H H H
formula (112) formula (112) formula (112)
354 General CN General F General H H CH, H
formula (112) formula (112) formula (112)
355 General CN General F General H H CH,O H
formula (112) formula (112) formula (112)
356 General CN F General General H H H H
formula (112) formula (112)  formula (112)
357 General CN F Genetal General H H CH, H
formula (112) formula (112)  formula (112)
358 General CN F General General H H CH,O H
formula (112) formula (112)  formula (112)
359 T CN General General General H H H H
formula (112)  formula (112)  formula (112)
360 F CN General General General H H CH, H
formula (112)  formula (112)  formula (112)
361 F CN General Genetal General H H CH,O H
formula (112)  formula (112)  formula (112)
362 General CN General F F H H H H
formula (112) formula (112)
363 General CN General F F H H CH;, H
formula (112) formula (112)
364 General CN General F F H H CH,O H

formula (112)

formula (112)
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Compound General formula (1) General formula (112)
No. R! RZ R3 R* RS R3LR¥® R® R RI RIS RM RP
365 General CN F General F H H H H

formula (112) formula (112)
366 General CN F General F H H CH, H
formula (112) formula (112)
367 General CN F General F H H CH,O H
formula (112) formula (112)
368 F CN General General F H H H H
formula (112)  formula (112)
369 F CN General General F H H CH, H
formula (112)  formula (112)
370 F CN General General F H H CH,O H
formula (112)  formula (112)
371 General CN F F General H H H H
formula (112) formula (112)
372 General CN F F General H H CH, H
formula (112) formula (112)
373 General CN F F General H H CH,O H
formula (112) formula (112)
374 F CN General F General H H H H
formula (112) formula (112)
375 F CN General F General H H CH, H
formula (112) formula (112)
376 F CN General F General H H CH,O H
formula (112) formula (112)
377 F CN F General General H H H H
formula (112)  formula (112)
378 F CN F General General H H CH, H
formula (112)  formula (112)
379 F CN F General General H H CH,O H
formula (112)  formula (112)
380 General CN F F H H H H
formula (112)
381 General CN F F F H H CH, H
formula (112)
382 General CN F F F H H CH,0 H
formula (112)
383 F CN General F F H H H H
formula (112)
384 F CN General F F H H CH, H
formula (112)
385 F CN General F F H H CH,0 H
formula (112)
386 F CN F General F H H H H
formula (112)
387 F CN F General F H H CH, H
formula (112)
388 F CN F General F H H CH,0 H
formula (112)
389 General CN General General OH H H H H
formula (112) formula (112)  formula (112)
390 General CN General General OH H H CH, H
formula (112) formula (112)  formula (112)
391 General CN General General OH H H CH,O H
formula (112) formula (112)  formula (112)
392 General CN General OH General H H H H
formula (112) formula (112) formula (112)
393 General CN General OH General H H CH, H
formula (112) formula (112) formula (112)
394 General CN General OH General H H CH,O H
formula (112) formula (112) formula (112)
395 General CN General OH General H H t-C4Hg H
formula (112) formula (112) formula (112)
396 General CN General OH General H H Cl H
formula (112) formula (112) formula (112)
397 General CN General OH General H H T H
formula (112) formula (112) formula (112)
398 General CN OH General General H H H H
formula (112) formula (112)  formula (112)
399 General CN OH General General H H CH, H
formula (112) formula (112)  formula (112)
400 General CN OH General General H H CH,0 H
formula (112) formula (112)  formula (112)
401 OH CN General General General H H H H

formula (112)

formula (112)

formula (112)
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Compound General formula (1) General formula (112)
No. R! RZ R3 R* RS R3LR¥® R® R RI RIS RM RP
402 OH CN General General General H H CH, H

formula (112)  formula (112)  formula (112)
403 OH CN General General General H H CH,O H
formula (112)  formula (112)  formula (112)
404 General CN General OH OH H H H H
formula (112) formula (112)
405 General CN General OH OH H H CH, H
formula (112) formula (112)
406 General CN General OH OH H H CH,O H
formula (112) formula (112)
407 General CN OH General OH H H H H
formula (112) formula (112)
408 General CN OH General OH H H CH, H
formula (112) formula (112)
409 General CN OH General OH H H CH,O H
formula (112) formula (112)
410 OH CN General General OH H H H H
formula (112)  formula (112)
411 OH CN General General OH H H CH, H
formula (112)  formula (112)
412 OH CN General General OH H H CH,O H
formula (112)  formula (112)
413 General CN OH OH General H H H H
formula (112) formula (112)
414 General CN OH OH General H H CH, H
formula (112) formula (112)
415 General CN OH OH General H H CH,O H
formula (112) formula (112)
416 OH CN General OH General H H H H
formula (112) formula (112)
417 OH CN General OH General H H CH, H
formula (112) formula (112)
418 OH CN General OH General H H CH,O H
formula (112) formula (112)
419 OH CN OH General General H H H H
formula (112)  formula (112)
420 OH CN OH General General H H CH, H
formula (112)  formula (112)
421 OH CN OH General General H H CH,O H
formula (112)  formula (112)
422 General CN OH OH OH H H H H
formula (112)
423 General CN OH OH OH H H CH, H
formula (112)
424 General CN OH OH OH H H CH,0 H
formula (112)
425 OH CN General OH OH H H H H
formula (112)
426 OH CN General OH OH H H CH, H
formula (112)
427 OH CN General OH OH H H CH,0 H
formula (112)
428 OH CN OH General OH H H H H
formula (112)
429 OH CN OH General OH H H CH, H
formula (112)
430 OH CN OH General OH H H CH,0 H
formula (112)
431 OH CN OH OH General H H H H
formula (112)
432 OH CN OH OH General H H CH, H
formula (112)
433 OH CN OH OH General H H CH,0 H
formula (112)
434 General CN General Cl General H H H H
formula (112) formula (112) formula (112)
435 General CN General Cl General H H CH, H
formula (112) formula (112) formula (112)
436 General CN General Cl General H H CH;0 H
formula (112) formula (112) formula (112)
437 General CN General Cl General H H t-C4Hg H

formula (112)

formula (112)

formula (112)
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Compound General formula (1) General formula (112)
No. R! RZ R3 R* RS R3LR¥® R® R RI RIS RM RP
438 General CN General Cl General H H Cl H
formula (112) formula (112) formula (112)

439 General CN General Cl General H H F H
formula (112) formula (112) formula (112)

440 General CN General F General H H H H
formula (112) formula (112) formula (112)

441 General CN General F General H H CH, H
formula (112) formula (112) formula (112)

442 General CN General F General H H CH,O H
formula (112) formula (112) formula (112)

443 General CN General F General H H t-C4Hg H
formula (112) formula (112) formula (112)

444 General CN General F General H H Cl H
formula (112) formula (112) formula (112)

445 General CN General F General H H T H
formula (112) formula (112) formula (112)

446 General CN General CH;0 General H H H H
formula (112) formula (112) formula (112)

447 General CN General CH,;0 General H H CH, H
formula (112) formula (112) formula (112)

448 General CN General CH;0 General H H CH,O H
formula (112) formula (112) formula (112)

449 General CN General CH,;0 General H H t-C4Hg H
formula (112) formula (112) formula (112)

450 General CN General CH,;0 General H H Cl H
formula (112) formula (112) formula (112)

451 General CN General CH,;0 General H H F H
formula (112) formula (112) formula (112)

452 General CN General C,HsO General H H H H
formula (112) formula (112) formula (112)

453 General CN General C,HsO General H H CH, H
formula (112) formula (112) formula (112)

454 General CN General C,HsO General H H CH,O H
formula (112) formula (112) formula (112)

455 General CN General C,HsO General H H t-C4Hg H
formula (112) formula (112) formula (112)

456 General CN General C,HsO General H H Cl H
formula (112) formula (112) formula (112)

457 General CN General C,HsO General H H F H
formula (112) formula (112) formula (112)

458 General CN General CzHsO General H H H H
formula (112) formula (112) formula (112)

459 General CN General CzHsO General H H CH, H
formula (112) formula (112) formula (112)

460 General CN General CzHsO General H H CH,O H
formula (112) formula (112) formula (112)

461 General CN General CzHsO General H H t-C4Hg H
formula (112) formula (112) formula (112)

462 General CN General CzHsO General H H Cl H
formula (112) formula (112) formula (112)

463 General CN General C4HsO General H H F H
formula (112) formula (112) formula (112)

464 General CN General Formula (121) General H H H H
formula (112) formula (112) formula (112)

465 General CN General Formula (121) General H H CH, H
formula (112) formula (112) formula (112)

466 General CN General Formula (121) General H H CH,O H
formula (112) formula (112) formula (112)

467 General CN General Formula (121) General H H t-C,H, H
formula (112) formula (112) formula (112)

468 General CN General Formula (121) General H H Cl H
formula (112) formula (112) formula (112)

469 General CN General Formula (121) General H H F H
formula (112) formula (112) formula (112)

470 General CN General Formula (122) General H H H H
formula (112) formula (112) formula (112)

471 General CN General Formula (122) General H H CH, H
formula (112) formula (112) formula (112)

472 General CN General Formula (122) General H H CH,O H
formula (112) formula (112) formula (112)

473 General CN General Formula (122) General H H t-C,H, H
formula (112) formula (112) formula (112)

474 General CN General Formula (122) General H H Cl H

formula (112)

formula (112)

formula (112)
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Compound General formula (1) General formula (112)
No. R! RZ R3 R* RS R3LR¥® R® R RI RIS RM RP
475 General CN General Formula (122) General H H F H

formula (112) formula (112) formula (112)
476 General CN General Formula (123) General H H H H
formula (112) formula (112) formula (112)
477 General CN General Formula (123) General H H CH, H
formula (112) formula (112) formula (112)
478 General CN General Formula (123) General H H CH,O H
formula (112) formula (112) formula (112)
479 General CN General Formula (123) General H H t-C,H, H
formula (112) formula (112) formula (112)
480 General CN General Formula (123) General H H Cl H
formula (112) formula (112) formula (112)
481 General CN General Formula (123) General H H F H
formula (112) formula (112) formula (112)
482 General CN General Formula (124) General H H H H
formula (112) formula (112) formula (112)
483 General CN General Formula (124) General H H CH, H
formula (112) formula (112) formula (112)
484 General CN General Formula (124) General H H CH,O H
formula (112) formula (112) formula (112)
485 General CN General Formula (124) General H H t-C,H, H
formula (112) formula (112) formula (112)
486 General CN General Formula (124) General H H Cl H
formula (112) formula (112) formula (112)
487 General CN General Formula (124) General H H F H
formula (112) formula (112) formula (112)
488 General CN General General General H CgHs H H
formula (112) formula (112)  formula (112)  formula (112)
489 General CN General General General H H CeHs H
formula (112) formula (112)  formula (112)  formula (112)
490 General CN General General H H CgHs H H
formula (112) formula (112)  formula (112)
491 General CN General General H H H CeHs H
formula (112) formula (112)  formula (112)
492 General CN General H General H CgHs H H
formula (112) formula (112) formula (112)
493 General CN General H General H H CeHs H
formula (112) formula (112) formula (112)
494 General CN H General General H CgHs H H
formula (112) formula (112)  formula (112)
495 General CN H General General H H CeHs H
formula (112) formula (112)  formula (112)
496 H CN General General General H CgHs H H
formula (112)  formula (112)  formula (112)
497 H CN General General General H H CeHs H
formula (112)  formula (112)  formula (112)
498 General CN General H H H CgHs H H
formula (112) formula (112)
499 General CN General H H H H CeHs H
formula (112) formula (112)
500-1  General CN H General H H C4Hs H H
formula (112) formula (112)
500-2  General CN H General H H H CeHs H
formula (112) formula (112)
500-3 H CN General General H H CeHs H H
formula (112)  formula (112)
500-4 H CN General Genetal H H H CeHs H
formula (112)  formula (112)
500-3  General CN H H General H CeHs H H
formula (112) formula (112)
500-6  General CN H H General H H CeHs H
formula (112) formula (112)
500-7 H CN General H General H CgHs H H
formula (112) formula (112)
500-8  H CN General H General H H CeHs H
formula (112) formula (112)
5009 H CN H General General H CgHs H H
formula (112)  formula (112)
500-10 H CN H General General H H CgHs H
formula (112)  formula (112)
500-11  General CN H H H H CeHs H H

formula (112)
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Compound General formula (1) General formula (112)
No. R! RZ R3 R* RS R3LR¥® R® R RI RIS RM RP
500-12  General CN H H H H H CeHs H

formula (112)
500-13 H CN General H H H CgHs H H
formula (112)
500-14 H CN General H H H H CeHs H
formula (112)
500-15 H CN H General H H CgHs H H
formula (112)
500-16 H CN H General H H H CeHs H
formula (112)
500-17 General CN General General F H H CeHs H
formula (112) formula (112)  formula (112)
500-18 General CN General F General H H CcHs H
formula (112) formula (112) formula (112)
500-19  General CN F General General H H CeHs H
formula (112) formula (112)  formula (112)
500-20 F CN General General General H H CcHs H
formula (112)  formula (112)  formula (112)
500-21 General CN General F F H H CeHs H
formula (112) formula (112)
500-22  General CN F General F H H CeHs H
formula (112) formula (112)
500-23 F CN General General F H H CeHs H
formula (112)  formula (112)
500-24 General CN F F General H H CeHs H
formula (112) formula (112)
500-25 F CN General F General H H CeHs H
formula (112) formula (112)
500-26 F CN F General General H H CeHs H
formula (112)  formula (112)
500-27 General CN F F F H H CgHs H
formula (112)
500-28 F CN General F F H H CgHs H
formula (112)
500-29 F CN F General F H H CgHs H
formula (112)
500-30  General CN General General OH H H CeHs H
formula (112) formula (112)  formula (112)
500-31 General CN General OH General H H CeHs H
formula (112) formula (112) formula (112)
500-32  General CN OH General General H H CeHs H
formula (112) formula (112)  formula (112)
500-33 OH CN General General General H H CeHs H
formula (112)  formula (112)  formula (112)
500-34 General CN General OH OH H H CeHs H
formula (112) formula (112)
500-35 General CN OH General OH H H CeHs H
formula (112) formula (112)
500-36 OH CN General General OH H H CeHs H
formula (112)  formula (112)
500-37 General CN OH OH General H H CgHs H
formula (112) formula (112)
500-38 OH CN General OH General H H CeHs H
formula (112) formula (112)
500-39 OH CN OH General General H H CeHs H
formula (112)  formula (112)
500-40 General CN OH OH OH H H CgHs H
formula (112)
500-41 OH CN General OH OH H H CgHs H
formula (112)
500-42 OH CN OH General OH H H CgHs H
formula (112)
500-43 OH CN OH OH General H H CgHs H
formula (112)
500-44  General CN General Cl General H H CgHs H
formula (112) formula (112) formula (112)
500-45 General CN General T General H H CeHs H
formula (112) formula (112) formula (112)
500-46 General CN General CH,0 General H H CgHs H
formula (112) formula (112) formula (112)
500-47 General CN General C,H0 General H H CeHs H
formula (112) formula (112) formula (112)
500-48 General CN General CzHsO General H H CgHs H

formula (112)

formula (112)

formula (112)



US 2017/0213974 Al

48

TABLE 2-continued

Jul. 27,2017

Compound General formula (1) General formula (112)
No. R RZ R? R* RS RPLR® RZ R RP, R RM R
500-49  General CN General Formula (121) General H H CgHs H
formula (112) formula (112) formula (112)
500-50 General CN General Formula (122) General H H CgHs H
formula (112) formula (112) formula (112)
500-51 General CN General Formula (123) General H H CeHs H
formula (112) formula (112) formula (112)
500-32  General CN General Formula (124)  General H H C¢Hs H
formula (112) formula (112) formula (112)
TABLE 3
Compound General formula (1) General formula (112)
No. R R2 R R* R® R R R, R¥ R®, R¥ RM, RS
501 CN General formula (112) General formula (112) General formula (112) General formula (112) H H H H
502 CN General formula (112) General formula (112) General formula (112) General formula (112) H CH, H H
503 CN General formula (112) General formula (112) General formula (112) General formula (112) H CH;0 H H
504 CN General formula (112) General formula (112) General formula (112) General formula (112) H H CH, H
505 CN General formula (112) General formula (112) General formula (112) General formula (112) H H CH,0 H
506 CN General formula (112) General formula (112) General formula (112) General formula (112) H H t-C,Hy H
507 CN General formula (112) General formula (112) General formula (112) General formula (112) H H Cl H
508 CN General formula (112) General formula (112) General formula (112) General formula (112) H H F H
509 CN General formula (112) General formula (112) General formula (112) General formula (112) H H H CH,
510 CN General formula (112) General formula (112) General formula (112) General formula (112) H H H CH,0O
511 CN General formula (112) General formula (112) General formula (112) H H H H H
512 CN General formula (112) General formula (112) General formula (112) H H H CH, H
513 CN General formula (112) General formula (112) General formula (112) H H H CH,0 H
514 CN General formula (112) General formula (112) H General formula (112) H H H H
515 CN General formula (112) General formula (112) H General formula (112) H H CH, H
516 CN General formula (112) General formula (112) H General formula (112) H H CH,0 H
517 CN General formula (112) General formula (112) H H H H H H
518 CN General formula (112) General formula (112) H H H H CH, H
519 CN General formula (112) General formula (112) H H H H CH,0 H
520 CN General formula (112) H General formula (112) H H H H H
521 CN General formula (112) H General formula (112) H H H CH, H
522 CN General formula (112) H General formula (112) H H H CH,0 H
523 CN H General formula (112)  General formula (112) H H H H H
524 CN H General formula (112) General formula (112) H H H CH, H
525 CN H General formula (112) General formula (112) H H H CH,0O H
526 CN General formula (112) H H General formula (112) H H H H
527 CN General formula (112) H H General formula (112) H H CH, H
528 CN General formula (112) H H General formula (112) H H CH,0 H
529 CN General formula (112) H H H H H H H
530 CN General formula (112) H H H H H CH, H
531 CN General formula (112) H H H H H CH,0 H
532 CN H General formula (112) H H H H H H
533 CN H General formula (112) H H H H CH, H
534 CN H General formula (112) H H H H CH,0 H
535 CN General formula (112) General formula (112) General formula (112) F H H H H
336 CN General formula (112) General formula (112) General formula (112) F H H CH, H
337 CN General formula (112) General formula (112) General formula (112) F H H CH,0 H
538 CN General formula (112) General formula (112) F General formula (112) H H H H
539 CN General formula (112) General formula (112) F General formula (112) H H CH, H
540 CN General formula (112) General formula (112) F General formula (112) H H CH;0 H
541 CN General formula (112) General formula (112) F F H H H H
542 CN General formula (112) General formula (112) F F H H CH, H
543 CN General formula (112) General formula (112) F F H H CH;0 H
544 CN General formula (112) F General formula (112) F H H H H
545 CN General formula (112) F General formula (112) F H H CH, H
546 CN General formula (112) F General formula (112) F H H CH;0 H
347 CN F General formula (112) General formula (112) F H H H H
548 CN F General formula (112) General formula (112) F H H CH, H
549 CN F General formula (112) General formula (112) F H H CH;0 H
350 CN General formula (112) F F General formula (112) H H H H
351 CN General formula (112) F F General formula (112) H H CH, H
352 CN General formula (112) F F General formula (112) H H CH,0 H
353 CN General formula (112) F F F H H H H
554 CN General formula (112) F F F H H CH, H
355 CN General formula (112) F F F H H CH;0 H
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o, R! R2 R? R4 RS R, R R RY R¥, R R¥ R
356 CN F General formula (112) F F H H H H
557 CN F General formula (112) F F H H CH, H
558 CN F General formula (112) F F H H CH,0 H
359 CN General formula (112) General formula (112) General formula (112) OH H H H H
560 CN General formula (112) General formula (112) General formula (112) OH H H CH, H
561 CN General formula (112) General formula (112) General formula (112) OH H H CH,0 H
362 CN General formula (112) General formula (112) OH General formula (112) H H H H
363 CN General formula (112) General formula (112) OH General formula (112) H H CH, H
564 CN General formula (112) General formula (112) OH General formula (112) H H CH,0O H
365 CN General formula (112) General formula (112) OH General formula (112) H H Cl H
366 CN General formula (112) General formula (112) OH General formula (112) H H F H
367 CN General formula (112) General formula (112) OH OH H H H H
568 CN General formula (112) General formula (112) OH OH H H CH, H
369 CN General formula (112) General formula (112) OH OH H H CH;0 H
570 CN General formula (112) OH General formula (112) OH H H H H
571 CN General formula (112) OH General formula (112) OH H H CH, H
372 CN General formula (112) OH General formula (112) OH H H CH,0 H
573 CN OH General formula (112) General formula (112) OH H H H H
574 CN OH General formula (112) General formula (112) OH H H CH, H
375 CN OH General formula (112) General formula (112) OH H H CH;0 H
576 CN General formula (112) OH OH General formula (112) H H H H
377 CN General formula (112) OH OH General formula (112) H H CH, H
578 CN General formula (112) OH OH General formula (112) H H CH;0 H
579 CN General formula (112) OH OH OH H H H H
580 CN General formula (112) OH OH OH H H CH, H
581 CN General formula (112) OH OH OH H H CH;0 H
582 CN OH General formula (112) OH OH H H H H
583 CN OH General formula (112) OH OH H H CH, H
584 CN OH General formula (112) OH OH H H CH;0 H
585 CN General formula (112) General formula (112) Cl General formula (112) H H H H
586 CN General formula (112) General formula (112) Cl General formula (112) H H CH, H
587 CN General formula (112) General formula (112) Cl General formula (112) H H CH,0 H
588 CN General formula (112) General formula (112) Cl General formula (112) H H t-C,Hy H
589 CN General formula (112) General formula (112) Cl General formula (112) H H Cl H
590 CN General formula (112) General formula (112) Cl General formula (112) H H F H
591 CN General formula (112) General formula (112) F General formula (112) H H H H
592 CN General formula (112) General formula (112) F General formula (112) H H CH, H
593 CN General formula (112) General formula (112) F General formula (112) H H CH;0 H
594 CN General formula (112) General formula (112) F General formula (112) H H t-C,Hy H
595 CN General formula (112) General formula (112) F General formula (112) H H Cl H
596 CN General formula (112) General formula (112) F General formula (112) H H F H
597 CN General formula (112) General formula (112) CH;0 General formula (112) H H H H
598 CN General formula (112) General formula (112) CH;0 General formula (112) H H CH, H
599 CN General formula (112) General formula (112) CH,0 General formula (112) H H CH,0 H
600 CN General formula (112) General formula (112) CH;0 General formula (112) H H t-C,Hy H
601 CN General formula (112) General formula (112) CH;0 General formula (112) H H Cl H
602 CN General formula (112) General formula (112) CH;0 General formula (112) H H F H
603 CN General formula (112) General formula (112) C.HO General formula (112) H H H H
604 CN General formula (112) General formula (112) C,HsO General formula (112) H H CH, H
605 CN General formula (112) General formula (112) C,HsO General formula (112) H H CH;0 H
606 CN General formula (112) General formula (112) C,Hs0 General formula (112) H H t-C4Hg H
607 CN General formula (112) General formula (112) C,HsO General formula (112) H H Cl H
608 CN General formula (112) General formula (112) C,HsO General formula (112) H H F H
609 CN General formula (112) General formula (112) C¢HsO General formula (112) H H H H
610 CN General formula (112) General formula (112) CHO General formula (112) H H CH, H
611 CN General formula (112) General formula (112) CcHsO General formula (112) H H CH;0 H
612 CN General formula (112) General formula (112) C¢HsO General formula (112) H H t-C4Hg H
613 CN General formula (112) General formula (112) C¢HsO General formula (112) H H Cl H
614 CN General formula (112) General formula (112) CHO General formula (112) H H F H
615 CN General formula (112) General formula (112) Formula (121) General formula (112) H H H H
616 CN General formula (112) General formula (112) Formula (121) General formula (112) H H CH, H
617 CN General formula (112) General formula (112) Formula (121) General formula (112) H H CH;0 H
618 CN General formula (112) General formula (112) Formula (121) General formula (112) H H t-C4H, H
619 CN General formula (112) General formula (112) Formula (121) General formula (112) H H Cl H
620 CN General formula (112) General formula (112) Formula (121) General formula (112) H H F H
621 CN General formula (112) General formula (112) Formula (122) General formula (112) H H H H
622 CN General formula (112) General formula (112) Formula (122) General formula (112) H H CH, H
623 CN General formula (112) General formula (112) Formula (122) General formula (112) H H CH;0 H
624 CN General formula (112) General formula (112) Formula (122) General formula (112) H H t-C4Hy H
625 CN General formula (112) General formula (112) Formula (122) General formula (112) H H Cl H
626 CN General formula (112) General formula (112) Formula (122) General formula (112) H H F H
627 CN General formula (112) General formula (112) Formula (123) General formula (112) H H H H
628 CN General formula (112) General formula (112) Formula (123) General formula (112) H H CH, H
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Compound General formula (1) General formula {112)
o, R! R2 R? R4 RS R, R R RY R¥, R R¥ R
629 CN General formula (112) General formula (112) Formula (123) General formula (112) H H CH,0 H
630 CN General formula (112) General formula (112) Formula (123) General formula (112) H H t-C,H, H
631 CN General formula (112) General formula (112) Formula (123) General formula (112) H H Cl H
632 CN General formula (112) General formula (112) Formula (123) General formula (112) H H F H
633 CN General formula (112) General formula (112) Formula (124) General formula (112) H H H H
634 CN General formula (112) General formula (112) Formula (124) General formula (112) H H CH, H
635 CN General formula (112) General formula (112) Formula (124) General formula (112) H H CH;0 H
636 CN General formula (112) General formula (112) Formula (124) General formula (112) H H t-C,Hy H
637 CN General formula (112) General formula (112) Formula (124) General formula (112) H H Cl H
638 CN General formula (112) General formula (112) Formula (124) General formula (112) H H F H
639 CN General formula (112) General formula (112) General formula (112) General formula (112) H CeHs H H
640 CN General formula (112) General formula (112) General formula (112) General formula (112) H H C4Hs H
641 CN General formula (112) General formula (112) General formula (112) H H C.H, H H
642 CN General formula (112) General formula (112) General formula (112) H H H CgHs H
643 CN General formula (112) General formula (112) H General formula (112) H CgHs H H
644 CN General formula (112) General formula (112) H General formula (112) H H C4Hs H
645 CN General formula (112) General formula (112) H H H C.H, H H
646 CN General formula (112) General formula (112) H H H H C4Hs H
647 CN General formula (112) H General formula (112) H H CgHs H H
648 CN General formula (112) H General formula (112) H H H C4Hs H
649 CN H General formula (112) General formula (112) H H C.H, H H
650 CN H General formula (112) General formula (112) H H H C4Hs H
651 CN H H General formula (112) General formula (112) H CgHs H H
652 CN H H General formula (112) General formula (112) H H CgHs H
653 CN General formula (112) H H H H CgHs H H
654 CN General formula (112) H H H H H C4Hs H
655 CN H General formula (112) H H H CeHs H H
656 CN H General formula (112) H H H H CeHs H
657 CN General formula (112) General formula (112) General formula (112) F H H C4Hs H
658 CN General formula (112) General formula (112) F General formula (112) H H CgHs H
659 CN General formula (112) General formula (112) F F H H CgHs H
660 CN General formula (112) F General formula (112) F H H CeHs H
661 CN F General formula (112) General formula (112) F H H CgHs H
662 CN F F General formula (112) General formula (112) H H CgHs H
663 CN General formula (112) F F F H H CgHs H
664 CN F General formula (112) F F H H CeHs H
665 CN General formula (112) General formula (112) General formula (112) OH H H CgHs H
666 CN General formula (112) General formula (112) OH General formula (112) H H CgHs H
667 CN General formula (112) General formula (112) OH OH H H CgHs H
068 CN General formula (112) OH General formula (112) OH H H CeHs H
669 CN OH General formula (112) General formula (112) OH H H CgHs H
670 CN OH OH General formula (112) General formula (112) H H CgHs H
671 CN General formula (112) OH OH OH H H CgHs H
672 CN OH General formula (112) OH OH H H CeHs H
673 CN General formula (112) General formula (112) Cl General formula (112) H H CgHs H
674 CN General formula (112) General formula (112) F General formula (112) H H CgHs H
675 CN General formula (112) General formula (112) CH;0 General formula (112) H H CgHs H
676 CN General formula (112) General formula (112) C.HO General formula (112) H H CeHs H
677 CN General formula (112) General formula (112) CcHsO General formula (112) H H CgHs H
678 CN General formula (112) General formula (112) Formula (121) General formula (112) H H CgHs H
679 CN General formula (112) General formula (112) Formula (122) General formula (112) H H C4Hs H
680 CN General formula (112) General formula (112) Formula (123) General formula (112) H H CgHs H
681 CN General formula (112) General formula (112) Formula (124) General formula (112) H H CgHs H
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H H H H H H E| (£11) ey erRULH NO (£11) BOWICS [RISUSD  (¢TT) B[NULIOY [BISUL) THL

H H H H H H H H NO H (£11) BULIOY [RISUAL ovL

H H H H H H H (£11) purey eRULH NO (£11) BOUICS [RISULD H 6€L

H H H H H H H (€11) BIUIOJ [BISWOD  NO H (€11) BNUWIOJ [RISUAL) 8€L

H H H H H H H H NO (E11) B[uwiof [BIOUSD (£1]) B[NUWMOJ [BISUAL) LEL

H H H H H H (£T1) BMMUUIOJ [eIoUL) H NO (€£11) euumiof [erouar) (£11) B[NUIOY [EISUIL) 9€L

H H H H H H H (£11) euuoy [erowen NO (€11) B[MUIOJ [BI3USH  (£TT) BMULIOJ [BISUSL) SEL

YHOONO-d H H H H H (£11) BUUOf [Browesy (17) BMUWIOY [BroUS) NO (£11) BMUWI0f [BIoUdr (£11) B[NUWLOJ [BIoUdL) YEL

YH7D1-d H H H H H (£11) euUof ferewey  (€17) BMUWIO) [BroueD NO (C11) BMwiof [ereusn (£11) BNUWIOJ [BIoUal) €L

"HPON“(*HO)-d H H H H H (£11) PMUIIOJ RIS (C1T) RIMILOJ [RISUOO  ND (€11) BNIIOJ [RISUADD  (£11) RNIILIOJ [RISTAL TEL

"HDOFHOD-d H H H H H (€11) Bmuuoy [eousD  (C11) BNULOJ [BIDUDD NO (C11) B[AUIOJ [BISUDD  (¢TT) B[NULIOJ [BIUD T€L

CHPOHEHD)- 9T H H H H H (€11) Bmuuoy Tesousn)  (C11) BNULOY [BIDUDD N (€11) B[AUWLIOF [BISUS0)  (£T1) BJNULIOJ [RISUL) 0€L

YHOFHO-d H H H H H (£11) Buroy erowen (E11) BMUIOY [BIOUDD NO (€1T) BMULOJ [BIOUH  (£1T) BOUWIOY [BISUD 62L

‘H°D H H H H H (£11) B0y [eroweny  (E11) BMUIOY [BIOUDD ND (€1T) BMULOJ [BIOUDH  (£1T) BNUWIOY [BISUD 8L

E| H H H H H (£11) B0y [eroweny  (E11) BMUIOY [BIOUDD ND (€1T) BMULOJ [BIOUDH  (£1T) BNUWIOY [BISUD L2L

10 H H H H H (£11) Buoy erowesn (E11) BMUIOY [BIOUDD NO (€11) BMULOJ [BIOUDH  (£1T) BOUWIOY [BISULD 9TL

°H"D"1 H H H H H (€11) BMULIOJ [eIOUOD) (E]]) BINULOJ [BIOUSD) ND (1) B[NUWLOJ [BIOUSD  (L£1]) B[NUWMOJ [BISUAL) SzL

O'HO H H H H H (€11) BMULIOJ [e10UOD)  (€1]) BINULOJ [BIOUSH) ND (1) B[NUWLOJ [BIOUSD  (£1]) B[NUWMOJ [BISUAL) YTL

HO H H H H H (£11) emuuof [erouay (¢11) BMUIOJ [BI2UDD) N (€11) B[ULOJ [e12Uar)  (£]]) B[NULOJ [BI2URL) £CL

H YHPONO-d H H H H (£11) Bmuuoy [ereusny  (¢11) BUWIOJ [BIAULD NO (€11) B[OULOY [BI2USD)  (£]]) B[NULIOJ [BISUL) L

H YHPOA-d H H H H (€11) Bmuuoy [eeueny  (¢11) BUWIOY [BIAULD NO (€11) B[OULOY [BIoUS0  (£]]) B[NULIOJ [BISUL 1L

1 IPON(F110)-d 1 11 1 1 (€11) Bmuuoy [eousn  (11) BUOY [BIMUDD NO (€11) B[OULOY [BISUSD  (¢]]) B[NULIOJ [BISUL ozL

H "H?OOfHO-d H H H H (¢11) rMunoy RLUSD  (C11) BNULOJ [PIUSD  ND (C11) BMULOJ [RISUSD  (¢1T) BNILIOJ [RIMTIAD 61L

H CHOH(FHD)-9Y T H H H H (€11) Bmuuoy [eousD  (C11) BNULOJ [BIDUDD NO (C11) B[AUIOJ [BISUDD  (¢TT) B[NULIOJ [BIUD STL

H YHOOPHO-d H H H H (€11) Bmuuoy [esousn)  (E11) BNULOY [BIDUSD N (€11) B[AUWIOF [BISUSD) (£ T1) BJNUWLIOJ [BISUL) LTL

H 2 ige) H H H H (£11) B0y [eroweny  (E11) BMUIOY [BIOUDD ND (€1T) BMULOJ [BIOUDH  (£1T) BNUWIOY [BISUD 91L

H i H H H H (£11) B0y [eroweny  (E11) BMUIOY [BIOUDD ND (€1T) BMULOJ [BIOUDH  (£1T) BNUWIOY [BISUD SIL

H 0 H H H H (£11) B0y [eroweny  (E11) BMUIOY [BIOUDD ND (€1T) BMULOJ [BIOUDH  (£1T) BNUWIOY [BISUD 1472

H SH"D-) H H H H (£TD) B0y [erowesn (E11) BMUIOY [BIOUDD NO (€1T) BMULOJ [BIOUDH  (£1T) BOUWIOY [BISUD €1L

H OFfHO H H H H (€11) BMULIOJ [e10UOD) (€1]) BIULOJ [BIOUSD) ND (E£11) B[NUWLOJ [BIOUSD  (E£1]) B[NUWMOJ [BISUAL) [473

H HO H H H H (€11) BMULIOJ [e10UOD)  (€1]) BINULOJ [BIOUSH) ND (1) B[NUWLOJ [BIOUSD  (£1]) B[NUWMOJ [BISUAL) 11L

H H OFHO H H H (£11) emuuof [eroussy (¢11) BMUIOJ (812U N (£11) B[OULOJ [e12U2L) (£ ]]) B[NULOJ [BI2UDL) 01L

H H ‘HO H H H (£11) Bmuuoy [ereusny  (¢11) BUIOJ [BIAULD NO (€11) B[OULOY [BI2USD)  (£T]) B[NULIOJ [BISUL) 60L

H H H A H H (£11) emuuoy [ereusny  (¢11) BUWIOY [BIAULD NO (€11) B[OULOY [BI2US0)  (£]]) B[NULIOJ [BISUDL 80L

1 11 1 o] 1 1 (€11) Bmuuoy [eousn  (11) BUOY [BIMUDD NO (€11) B[OULOY [BISUSD  (¢]]) B[NULIOJ [BISUL LOL

H H H SH"OA H H (€11) »Munoy RSO (C11) BNULOJ [PIUSD  ND (C11) BMUILOJ [RISUSD  (¢TT) BNILIOJ [RIATAD 90L

H H H OfHD H H (€11) Bmuuoy [epusD  (C11) BNUIOJ [BIDUDD NO (C11) B[AUIOJ [BIUDD  (£TT) B[NUIOJ [BIUD SOL

H H H *HD H H (€11) Bmuuoy [epousy  (C11) BNULOJ [BIDUDD NO (€11) B[AUWIOY [BISUDD  (£11) BINULIOJ [BISUD) 0L

H H H H OfHO H (£11) B0y [eroweny  (E11) BMUIOY [BIOUDD ND (€1T) BMULOJ [BIOUDH  (£1T) BNUWIOY [BISUD £0L

H H H H HO H (£11) Buroy erowen (E11) BMUIOY [BIOUDD NO (€1T) BMULOJ [BIOUH  (£1T) BOUWIOY [BISUD ({3

H H H H H H (£TD) B0y [eroweny  (E11) BMUIOY [BIOUDD NO (€1T) BMULOJ [BIOUDH  (£1T) BAUWIOY [BISUD 10L
ord syl ppl erd o 1A sd vl ed zd i “ON putiodwo)

(€11) B[NUIIO] [BISUSL) (1) B[NULIOT TBISUSD)
¥ H1dVL
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H H H H H H (€11) BMUUOY [BIOUSD (121) Bmurog NO (€11) B[nUOJ [BISUDD  (£TT) B[NUWLIOJ [BISUD €8L
H H H B H H (€11) BMUUOY [BIOUSD OSH®D NO (€11) B[ULOJ [BISUDD (£ TT) B[NUWLIOJ [BISUD) /L
H H H 0 H H (£11) BOUIIOY [BIOUL O°HD NO (€11) Buirof [BIoU20)  (£1T) BMULIOY [BISUD 18L
H H H *H"D~ H H (£11) BUIOY [RIOURL O°H°D NO (€11) Buiof [eoUa0)  (£1T) B0 [BISUD 08L
H H H OFHO H H (£11) BUIOY [RIOURL O°HD NO (€11) Buiof [eoUa0)  (£1T) B0 [BISUD 6LL
H H H HO H H (£11) BMUIIOY [BIOUL O°HD NO (€11) Buiiof [eIoUan)  (£1T) B0 [BISUD 8LL
H H H H H H (€11) BMULIOJ [BIOUSL) O°H™D NO (€11) Buwiof [eIoUsn) (£11) B[NUWMOJ [BISUAL) LLL
H H H q H H (€11) BMULIOJ [BIOUSL) O°HD NO (€11) B[uwiof [BIoUdD) (1) B[NUWMOJ [BISUAL) 9LL
H H H 10 H H (£11) BlOWIO) [EI2ULL) O HO NO (£11) Bjnuwuoy [Biouar)  (£11) BJIWHO) [B4SUSL) SLL
H H H SH"D- H H (€11) BMMULIOJ [eIOULL O°HO NO (€171) oy [ereuary (£11) B[NUWHIOJ [BIOUL) YLL
H H H OHO H H (£11) BMULIOJ [EIOULL) O'HD NO (€11) oy [ereuan (£11) B[NUWIOJ [BIOUAL) €LL
H H H fHO H H (£11) BMULIOJ [EIOUWOL) OSHO NO (€11) oy [erouony  (£11) B[NUWIOJ [BIOUOL) TLL
H H H H H H (£T1) BMUUOJ [EIOTLL OSHO NO (€11) Bumioy [ereuagy  (£11) B[NIUIOJ [BISUAL) TLL
H H H E H H (€11) BMUUOY [BIOUSD OfHO NO (€11) B[nULOJ [BISUDD  (£TT) B[NUWLIOJ [RISUD OLL
H H H o] H H (€TT) BMUUOY [BIOUSD OfHD NO (€T71) B[ULOJ [BISUDD (£ TT) B[NUWLIOJ [BISUD 69L
H H H SH"O- H H (£T1) BMULIOY [EIOULL OFHD NO (€11) Buirof [Brouan)  (£17) BMULIOY [BISUD 89L
H H H OFHO H H (£11) BUIOY [RIOURL OHO NO (€11) Buiof [eoUa0)  (£1T) B0 [BISUD L9L
H H H HO H H (£11) BOUIIOY [BIOUL OHO NO (€11) Buirof [BIoU20)  (£1T) BMULIOY [BISUD 99L
H H H H H H (£11) BOUIIOY [BIOUL OfHO NO (€11) Bnuiof [eoU20)  (£1T) B0 [BISUD S9L
H H H q H H (€11) BMULIOJ [BIOUSL) q NO (€11) Buwiof [eIoUsn) (£11) B[NUWMOJ [BISUAL) oL
H H H o] H H (€11) BMULIOJ [BIOUSL) q NO (€11) B[uwiof [BIoUdD) (1) B[NUWMOJ [BISUAL) €9L
H H H SHYO-) H H (€11) BlOWIO) [EI2ULL) 4 NO (£11) Bnuwuo) [Biouar)  (£11) BJIWHO) [B43USL) L
H H H OHO H H (€11) BMMULIOJ [eI2U2L) q NO (€11) Bumiof [erouar) (£11) BMUMOJ [BI2USL) 19L
H H H fHO H H (£11) BMULIOJ [EIOULL) q NO (€11) oy [ereuan (£11) B[NUWIOJ [BIOUAL) 09L
H H H H H H (£11) BMULIOJ [EIOUWOL) k| NO (€11) oy [erouony  (£11) B[NUWIOJ [BIOUOL) 6SL
H H H B H H (£T1) BMUUOJ [EIOWLL 10 NO (€11) Bumioy [ereuagy  (£11) B[NIUIOJ [RISUAL) 8SL
H H H e} H H (£T1) BMULIOJ [EIOULL () NO (€171) Bumiof ereusn  (£11) B[NULOJ [BISUAL LSL
H H H SH"D-1 H H (£T1) BMULIOJ [EIOULL) 0 NO (£17) oy [ereusn (¢£717) B[NULOJ [BISUAL 9¢L
H H H OFHO H H (£11) BUIO] [BIOUD 0 NO (€11) Buirof [Brouan)  (£17) BMULIOY [BISUD SsL
H H H HO H H (£11) BOUIIOY [BIOUL 10 NO (€11) Buirof [BIoU20)  (£1T) BMULIOY [BISUD ¥SL
H H H H H H (£11) BOUIIOY [eIOUD 10 NO (€11) Buirof [eoUan)  (£1T) B0 [BISUD 593
H H H H H H HO HO NO HO (£1T) B[NULIOJ [EISUDL) 473
H H H H H H HO (€11) euuoy [Brouen ND (€17) B[NUIOJ [BISUILD) HO 1SL
H H H H H H HO (€11) BIUIOJ [BISWOD  NO HO (€11) BNUWIOJ [RISUAL) 0sL
H H H H H H HO HO NO (E£11) B[uwiof [BIoUSD)  (£11) B[NUWMOJ [BISUAL) 6vL
H H H H H H (€11) BMMULIOJ [eI2UDL) HO NO (€11) Bumiof [erouar) (£11) BMUMOJ [BI2USL) SYL
H H H H H H HO (£11) euuoy [erowen NO (€11) B[MUIOJ [BI9USH  (£TT) BMULIOJ [BIOUSL) Lyl
H H H H H H Ei E| NO a (£11) BMuLIO} [BI2URD) ovL
H H H H H H a1 (€11) euuoy ferowen N (€11) B[MUIOJ [BIOUD) f| StL
H H H H H H E| (£11) BMUIOJ [RIDUOD  NO L (€£11) BMULIOJ [RISUAL L
H H H H H H E| | NO (£17) oy [ereusn (¢£17) B[NULOJ [BISUAL 373
H H H H H H (€11) BMUUOY [BISUSD) a1 NO (£11) oy [ereudry  (£11) BJNULIOJ [BIOUAL) (472
wvam va v#M m#M Nv./m :\M mdm vM mam NM ~M ON ﬁESOQEOU

(CTT) B[NUIIO] [BISUIL)

(1) B[NUIIOT TEISUID)

ponunuod-y FIAVL
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pojenianionianiiusfusfusfsfanganganiiusfusonfaninfus s fangangan

paianienioniaciiusus s fangangianiiusfusfanfaniissusfususfangangian
peeeianianiasiiasasasesfanganganiiusfusianianissfasfasfasfangangan

0
CHTO
OHO

°H"D-
OfHO
HO

panianionianiiusgus s ganganganiiusfusanianisfusfusfusQangangian

pojenianionianiiusfusfusfsfanganganiiusfusonfaninfus s fangangan

(€£TT) BMUWIOY [eIOULH
(€£11) B0} [EIOULH
(£11) B|IULIOL [B19USL)
(€TT) BUIO] [BI9ULL
(€1T) BUIO] [BIULL
(€1T) BOUIO [RIOUOL
(€T1) BMUIIOL [RISUDL)
(£T1) BMULIOJ [EIOULL
(£T1) BMULIOJ [EIOULL)
(£T1) BMULIOY [EIOULL
(€£TT) BMUIOY [EIOULH
(€1T) B0} [EIOULH
(€TT) BMUIOY [EIOULH
(€£T1) BMUIOY [eIOULH
(€TT) BMUWIOY [EIOULH
(€£TT) BMUIOY [EIOULH
(€TT) BUIO] [BI9ULL
(€11) BUIO] [BIOULL
(€1T) BOUIO [BIOULL
(€11) BOUIof [RIOULH
(£T1) BMULIOJ [EIOULL
(£T1) BMULIOJ [EIOUGL)
(€11) BMUUOY [BISUSD)

(#Z1) Bmuiroj
(#Z1) Bmuiroj
(T 1) Bluwioy
(1) Bmuioj
(1) Bmuio g
(#Z1) Bmuiro g
(g71) BMuUIO J
(£21) Bmwrog
(£21) Bmuro g
(£T1) emuiog
(£T1) euio g
(£T1) euio g
(zT1) euiog
(zz1) Mo
(zz1) Bmuiroj
(zz1) Mo
(zg1) Bmurog
(zT1) Bmuro g
(121) Bmuioj
(121) Tmuro
(121) Bmurog
(121) Bmuro g
(121) BmuroJ

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NOD

(£11) Bwioy [BIOULH
(£11) Bwioy [BIOULH
(£11) B|IUWIO] [B19USL)
(£11) BNUIIOJ [BISUSL)
(€17) Moy EIPULL
(€17) oy EIOUOD
(£11) BNUITO] [RIOUDL)
(£11) BNUIOJ [BISUSL
(£T71) BIUIOJ [BISUSL)
(£11) BT} [BIOUDL)
(€11) Bwioy [BIOULH
(€11) Bwioy BIOULH
(€11) pwioy [BIOULH
(£11) Bwioy [BIOULH
(£11) Bwioy [BIOULH
(E11) BOwIof [BISUSH
(£11) BNUIIOJ [BISUSL)
(€17) BMuroy EISUAL
(€17) BMuroy BISULL
(€17) oy TEIOULD
(£11) BNUIOJ [BISUSL
(£T7) BIUIOJ [BISUSL)
(£11) BUIOY [eISUSN)

(€£11) BMUIOJ [RISUCH
(€11) BmMuIO} [RISUCH
(£11) B[ILWIOJ [BI2USLY
(£T1) BNULIOJ [BISUWAL)
(€£17) BMULIOY [BIBUILY
(€£17) BMULIOY [EIOUOL)
(£TT) BMULOJ RIS
(€£11) BMULIOJ [RISUAL
(£7T7) BNULIOJ [RISUAL
(€£11) BMULIOY [RISUAL
(€£11) BMUIO} [RISUH
(€11) BMUIO} [RISUCH
(€£11) BMUIO} [RISUCH
(€11) BUWIOJ [RISURH
(€11) BMUIO} [RISUH
(€11) BMUIO} [RISUCH
(£T1) BNULIOJ [BISUWAL)
(€£1T) BMULIOY [BISUILY
(€£11) BMULIOY [BIBUIL)
(€17) BMuULIO} TEIOUL)
(€£11) BMULIOJ [RISUAL
(£T7) BNULIOY [RISUAL
(£11) BNUWIOJ [RISUL)

66L
86L
L6L
o6L
6L
oL
€6L
6L
TeL
o6L
68L
88L
L8L
o8L
8L
rRL
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H H H H H H fHO H (#11) B0} [EIOUSL) | NO (#11) BINULIOY [BISUAD  ({]1) B[NULIOL [BIOUSL) 16
H H H H H H H H (f11) B[NUIOY [RIOUS0) | NO ($11) B[NUIOJ [EISUSDy (4] ]) E[NUIIO] [EISUSD) Cr6
H H H H H H E| H (11) BIUEOJ [BIOUSD o] NO (#11) BINWIOJ [BISUSD  (H11) B[O [BIUSD) [423
H H H H H H e} H (#11) BIUIOJ [BIOUSD o] NO ($T1) B[NWIOJ [BISUSD  (HTT) E[MUIOL [BIUSD) T+6
H H H H H H SH"DA H (#11) BIUEOY [BIOUSL) 9] NO ($T1) B/NWIOf [BISUD)  (H11) EIMUIIOY [BIUSD) o6
H H H H H H OfHO H (11) B[O} [BIOUSL) jie} NO ($T1) Bnuiiof [erowasy  (4[1) BINUIOS [RISUAD 6€6
H H H H H H fHO H (11) B[O} [BIOUSL) jie} NO ($T1) Bnuiiof [erowasy  (4[1) BINUIOS [RISUAD 8€6
H H H H H H H H (11) B[IUIOJ [BIOUSL) jie} NO ($T1) BnuLiof [erowasy ({1 1) BINUIOS [RISUAD LE6
H H H H H H H H HO HO NO HO (#11) [0} [BIOUSL) 9€6
H H H H H H H H HO (#11) BINULOJ [BISUSD N (#11) B[NULIOJ [EISTLL) HO S€6
H H H H H H H H HO (#11) BNULOJ [BISUDD  ND HO (#11) B[NULIOJ [RISUSL) €6
H H H H H H H H HO HO NO (#11) B[NUIO) [eI2Ua)  ({]1) E[NULIOL [EIoUSL) ££6
H H H H H H H H (#11) BIMULIOY [BIOUSL) HO NO (#11) B[NULIOY [BI2UD  ({]1) B[NULIOL [BIOUSL) £
H H H H H H H H HO ($11) BULOY [BIDUWH NO ($11) BINULIOY [BI2UAD  ({]]) B[NULIOL [BIOUSL) 1€6
H H H H H H H H B 1 NO a1 (11) B[MUIIOY [RISUS0) 0€6
H H H H H H H H a1 ($T1) BNUIIOJ [RISIDD  ND ($11) B[NULOJ [RISTA0 a1 676
H H H H H H H H | ($11) BNUWIOJ [BIDWRD  NOD a (+11) B[O [BIUSD RT6
H H H H H H H H a1 A NO ($T1) B/NWIOf [BISUD)  (H11) EIMUIIOY [BIUSD) LT6
H H H H H H H H (11) B[IUIOJ [BIOUSL) E| NO ($T1) B[nuiiof [erowasy  ({[1) BINUIOJ [RIUA0 976
H H H H H H H H | ($11) BUIOF [IOUWOH NO ($T1) B[NULOY [eISU) (1) B[NULOJ [RIOUSLD <T6
H H H H H H H H H H NO H (#11) [0} [BIOUSL) 76
H H H H H H H H H ($11) BUIOY [RIOUWDY NO ($11) BINULOJ [RISUAL) H €26
H H H H H H H H H (#11) BINULIOJ [BISUDD  ND H (#11) B[O [RISUSL) (443
H H H H H H H H H H NO (#11) B[NULIOJ [BI2UAD  ({]]) B[NULIOL [RIUSL) 126
H H H H H H H H (11) B0 [erouDL) H NO (#11) B[NUIO) [eI2Ua)  ({]1) E[NULIOL [EIoUSL) 0c6
H H H H H H H H H (#11) BULOY [BI2UH NO ($11) B[NULIOY [BI2UD  ({]]) B[NULIOL [BIOUSL) 616
H OfHO H H H H H H (#11) Buoy [eroUSy)  (H11) BNULOY [BIRURD NO ($11) B[NULOY [BI2USD) (4] ]) BINULIOJ [BIAUSL 816
11 110 1 1 11 1 1 1 (f11) BMUUOY [RIOUSH)  ($T[) BNULOY [EIUDL NO ($11) B[NULIOY [BISUSLD (4] ) B[NULOJ [BISUSL) LT6
H H OFHO H H H H H (f11) BNIIOJ RIS ($T1) BNULOJ [RISIDD NO ($11) BNIIOJ [RISUAD (4] 1) BNMILOJ [RIATS0 916
H H fHD H H H H H (+11) BIOUEOJ [BIOUSD  (HT1) BMULOY [BIDURD NO ($T1) B[IULOJ [BISUD  ($11) BINUWIOJ [BIAUSD <16
H H H OfHO H H H H (11) BIUEOY [eIOUSD)  (HT1) BNULOF [BISURD NO ($11) B[NULOL [BISUS0D) (1) BJNWLIOJ [BIIUSL) 16
H H H ‘HO H H H H (11) BUIIOJ [BIOUSD  ($11) B[NULOJ [BIOUSH NO ($11) BMULOY [ISUS)  (#]1) B[NULOJ [RIOULL) €16
H H H H OfHO H H H (11) BUIIOJ [BIOUSD  ($11) B[NULOJ [BIOUSH NO ($11) BMULOY [ISUS)  (#]1) B[NULOJ [RIOULL) 716
H H H H fHO H H H (11) BUIIOJ [BIOUSD  ($11) B[NULOJ [BIOUSH NO ($11) BMULOY [ISUS)  (#]1) B[NULOJ [RIOULL) 116
H H H H H OfHO H H (£11) BUIIOJ [BIOUSD  ($11) B[NULOJ [BIOUSH NO ($11) BMULOY [ISUS)  (#]1) B[NULOJ [RIOULL) 016
H H H H H *HO H H (f11) BIMUIOY [RISUSY)  (H1]) BINULOY [BIDULLD NO ($11) B[NULIOL [BISUALD (4] ) BJNULIOJ [BIAULLD 606
H H H H H H | H (#11) B[MWIOJ [BIOUAD)  (1]) B[NUWNOJ [BIOUSH NO (#11) B[NULOJ [RISUAY (1) B[NWHOJ [RISUAL) 806
H H H H H H 0 H (f11) B[Oy [erouss) (H11) BMULOY [B19URL) NO (HT1) B[NULOJ [BI10UAL) (4] T) B[NWLOJ [BIDUSL) L06
H H H H H H SH"D H (#11) BUUOf [eIOUSH  (HT1) BNULOY [BI2UR0D NO ($11) B[NULIOJ [BI2USL (4] ]) B[NULICJ [BISUSD 906
H H H H H H OFHO H (711) B[Oy [erOUSH  (F11) BNULOY [BIOURD NO ($11) B[NULIOY [BI2US) (4] ) B[NULIOJ [BIAUSL S06
11 1 1 1 11 1 110 1 (f11) BMUUOY [RIOUSH)  ($T[) BNULOY [EIUDL NO ($11) B[NULIOY [BISUSLD (4] ) B[NULOJ [BISUSL) 06
H H H H H H H OFHO  (P11) BINUIOJ [BISUSD  ($T]) BNUIIOJ [RISIAD  NO ($11) BINULIOJ [RISUAD (1) B[MIIIO] [RISUSD €06
H H H H H H H fHO (f11) BIMUEOJ [IOUSD  (HT1) BMULOY [BIDURD NO (HT11) B[MUHOJ [BISUD  ($11) BNUWLIOJ [BIAUSD 206
H H H H H H H H (#11) BIMUEOJ [eIOUSD)  (HT1) BNULOY BN NO ($11) B[NULOJ [BISUSD) (1 1) BNWLIOJ [BIAUSD 106
NWM AOWM~ ~m4m mmam hmam mmM #mam Mmam Nmam mM vam MM NM ~4m ON
,mmM ,me (1) BJNUWIIOJ [EIUIL) punoduio)
rod
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S HTIdVL
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H H H H H H E| H (#11) B[NWIOJ [BIOUAL) (TT) BrUIOg NO (£11) B[NUWIOJ [BISUSL (] ]) B[AWIOJ [BISUSL) 066
H H H H H H 10 H (#11) B[NWIOJ [BIOUAL) (TT) BrUIo.g NO (£11) B[NUWIOJ [BISUSL (] ]) B[AWIOJ [BISUSL) 686
H H H H H H SH"O4 H (#11) BlWLOJ [B4OUDL) (FT1) B0y NO  (#11) B[IWIOJ [BBUSLY (] ]) BJIWLIOJ [B4BUSL) 886
H H H H H H OHO H (#11) BNWIOJ [BISURL) (FTT) BIULIOg NO (£11) B[UIof [e1oUa5y ({1 ]) B[AWIOJ [BIOUSL) L86
H H H H H H HO H (#11) BMWIOJ [BIOULL) (FTT) BINUIog NO ($11) B[nuwiof [eoussy  (411) B[AWIOJ [BIOUSLD) 986
11 11 1 1 11 11 1 I (#11) BNWIOJ [BIOUSL) (TT) BrUIOg NO ($11) e[nuiof [eousny  ({11) P[AWIOJ [BIOUSL) <86
H H H H H H E| H (#11) BITIOJ [BIOULL (€21) BrOUOg NO ($11) B[OULof [eI0Ua0y  ({]1) B[OIIOJ [BIOUSL) 86
H H H H H H jie}) H (f11) BIUEOJ [BIOUSD (€21) Bmuog NO (#11) BINWIOJ [BISUSD  (H11) B[O [BIUSD) €86
H H H H H H SHYD-) H (#11) BIUEOJ [BIOUSD) (£21) Bmuog NO ($11) B[NWIOJ [BISUD  (H11) E[MUIIOY [BIUSD) 786
H H H H H H OYHO H (#17) B0 TeIoULLD) (€21) Bnumiog NO ($T1) B[nuiiof [erowasy  ({[1) BINUIOJ [RIUA0 186
H H H H H H fHO H (#11) B0 TeroULL) (€21) Bnumiog NO ($T1) Bnuiiof [erowasy  (4[1) BINUIOS [RISUAD 086
H H H H H H H H (#11) B0 TeroULL) (€21) Bnumiog NO ($T1) Bnuiiof [erowasy  (4[1) BINUIOS [RISUAD 686
H H H H H H E| H (#11) B0 TeroUaL) (zz1) Bnuiog NO  ($T1) B[nuLiof [erowasy  ({[1) BINUIIOY [RIUAD 8L6
H H H H H H 10 H (#11) B[NWIOJ [BIOUAL) (zT1) Brnuwiog NO (£11) B[NUWIOJ [BISUSL (] ]) B[AWIOJ [BISUSL) LL6
H H H H H H °H"DA H (#11) B[NWIOJ [BIOUAL) (ZTT) BruwIog NO (£11) B[MUWIOJ [BISUSL (] ]) B[AWIOJ [BISUSL) 9L6
H H H H H H O HO H (#11) BlWLOJ [B4OUDL) (TTl) oy NO  (#11) B[IWIOJ [BBUSLY (] ]) BJIWLIOJ [B4BUSL) $L6
H H H H H H ‘HO H (#11) BNWIOJ [BISUAL) (zTT) Bnuwog NO ($11) B[ULIOJ [BI12USL) (] ]) B[NWIOJ [BIOUSL) L6
H H H H H H H H (#11) BMUWIOJ [BIOULL) (gTT) Brnuog NO ($11) B[nuwiof [eoussy  (4]]) B[AWIOJ [BIOUSD €L6
H H H H H H | H (#11) BMWIOJ [BIOUOL) (1T1) BrNUo.g NO (£11) e[nuwiof [eouony  (411) P[AWIOJ [BIOUOD L6
H H H H H H () H (#11) BITIOJ [BIOULL (121) BIOULOg NO ($11) B[OULof [eI0Ua0y  ({]1) B[OIIOJ [BIOUSL) 1.6
H H H H H H SHYD-1 H (f11) BIUEOJ [BIOUSD (121) Bmuog NO ($11) BINWIOJ [BISUSD  (11) B[O [BIOUSD) 0L6
H H H H H H OfHO H (#11) BIUEOJ [BIOUSD (121) Bmuog NO ($T1) BINWIOJ [BISUSD  (HTT) B[O [BIUSD) 696
H H H H H H fHO H (11) B0} [BIOUSL) (121) BrnuLo.g NO ($11) B[NULIO} [EISUSD (4] ]) B[N0} [BIOUSL) 896
H H H H H H H H (#11) B0 TeroULL) (TZ1) Brnuiog NO ($T1) Bnuiiof [erowasy  (4[1) BINUIOS [RISUAD L96
H H H H H H E| H (#17) B0 TeIoULLD) O°HO NO ($T1) B[nuiiof [erowasy  ({[1) BINUIOJ [RIUA0 996
H H H H H H 10 H (#11) B0 TeroUaL) O°H®D NO ($T1) B[nuLiof [erowasy ({1 1) BINUIOS [RISUAD €96
H H H H H H °H"DA H (#11) B[NWIOJ [BIOUAL) O*H’D NO (£11) B[NUWIOJ [BISUSL (] ]) B[AWIOJ [BISUSL) 96
H H H H H H O'HO H (#11) B[NWIOJ [BIOUAL) O°H’D NO (£11) B[MUWIOJ [BISUSL (] ]) B[AWIOJ [BISUSL) €96
H H H H H H HO H (#11) BlWIOJ [B49UDL) O°H?O NO  ($11) B[IWIOJ [BBUSLY (] ]) BJIWLIOJ [B4BUSL) 796
H H H H H H H H (#11) BWIOJ [BISUDL) O°HD NO (£11) B[ULIOf [eI9US5 (] ]) B[AWIOJ [BISUSL) 196
H H H H H H g H (#11) BMUWIOJ [BIOULL) O°HD NO ($11) B[nuwiof [eoussy  (4]]) B[AWIOJ [BIOUSD 096
H H H H H H () H (#11) BMWIOJ [BIOUOL) O°HO NO (£11) e[nuwiof [eouony  (411) P[AWIOJ [BIOUOD 656
H H H H H H SH"OA H ($11) BITIOJ [BIOULL) O°HO NO ($11) B[OUof [eIoUary ({1 1) B[AIIOJ [BIOUSL) 8C6
H H H H H H OfHO H (11) BIUEOJ [BIOUSD O°HD NO (#11) BINWIOJ [BISUSD  (H11) B[O [BIUSD) LS6
H H H H H H fHO H (#11) BIUEOJ [BIOUSD O°HO NO ($T1) BINWIOJ [BISUSD  (HTT) B[O [BIUSD) 9¢6
H H H H H H H H (11) B0} [BIOUSL) O°H?O NO ($11) B[NULIO} [EISUSD (4] ]) B[N0} [BIOUSL) $S6
H H H H H H E| H (#17) B0 TeIoULLD) OfHO NO ($T1) B[nuiiof [erowasy  ({[1) BINUIOJ [RIUA0 ¥56
H H H H H H 10 H (#11) B0 TeroULL) OfHO NO ($T1) Bnuiiof [erowasy  (4[1) BINUIOS [RISUAD €56
H H H H H H SH"O"1 H (#11) B0 TeroUaL) OfHO NO ($T1) B[nuLiof [erowasy ({1 1) BINUIOS [RISUAD 756
H H H H H H O*HO H (#11) B[NWIOJ [BIOUAL) O'HO NO (£11) B[NUWIOJ [BISUSL (] ]) B[AWIOJ [BISUSL) 156
H H H H H H HO H (#11) B[NWIOJ [BIOUAL) OfHO NO (£11) B[NULIOJ [BISUSL (] ]) B[AWIOJ [BISUSL) 056
H H H H H H H H (#11) B[NWIOJ [BIOUAL) OFHO NO (£11) B[NUWIOJ [BISUSL) (] ]) B[AWIOJ [BISUSL) 676
H H H H H H g H (#11) BWIOJ [BISUDL) g NO (£11) B[ULIOf [eI9US5 (] ]) B[AWIOJ [BISUSL) 876
H H H H H H 10 H (#11) BMWIOJ [BIOULL) g NO ($11) B[nuwiof [eousny (4] ]) B[AWIOJ [BIOUSD) L¥6
H H H H H H SH"O1 H (#11) BNWIOJ [BIOULL) g NO (£11) B[nuwiof [e1oussy (4] ]) B[AWIOJ [BIOUSLD) %6
H H H H H H OfHO H (#11) BWIOJ [BIOUAD) a1 NO (£11) e[nuwiof [e1ouany  ({]1) P[AWIOJ [BIOUSD St6
ol Aow;m 10l scd e ccd et ecd zcd < v ed d d ON
Ammam Awmam (1) B[NUWLIOJ [BISUSL) punoduio)
Jmm

HTD) eNuiof 65
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TABLE 6
Com- General formula (115)
pound General formula (1) R, R, R7, R™ R7,
No. R! R? R3 R? RS RSO R R7S R RS
1001  General formula (115) General formula (115) CN General formula (115)  General formula (115) H H H H H
1002 General formula (115) General formula (115) CN General formula (113)  General formula (115) H CH; H H H
1003 General formula (115) General formula (115) CN General formula (113)  General formula (115) H CH;0 H H H
1004  General formula (115) General formula (115) CN General formula (115)  General formula (115) H CH; H H H
1005 General formula (115) General formula (115) CN General formula (115)  General formula (115) H CH; H CH; H
1006 General formula (115) General formula (115) CN General formula (115)  General formula (115) H CH;0 H CH,O0 H
1007 General formula (115) General formula (115) CN General formula (115)  General formula (115) H C4Hs H CHs H
1008 General formula (115) General formula (115) CN General formula (113)  General formula (115) H H CH, H H
1009 General formula (115) General formula (115) CN General formula (113)  General formula (115) H H CH;0 H H
1010 General formula (115) General formula (115) CN General formula (115)  General formula (115) H H t-C4Hg H H
1011 General formula (115) General formula (115) CN General formula (115)  General formula (115) H H Cl H H
1012 General formula (115) General formula (115) CN General formula (115)  General formula (115) H H F H H
1013 General formula (115) General formula (115) CN General formula (115)  General formula (115) H H CeHs H H
1014 General formula (115) General formula (115) CN General formula (115)  General formula (115) H H pCHs— H H
CgH,

1015 General formula {115) General formula (115) CN General formula (115) H H H H H H
1016 General formula {115) General formula (115) CN H General formula (115) H H H H H
1017 General formula {115) General formula (115) CN H H H H H H H
1018 General formula {115) H CN General formula (115) H H H H H H
1019 H General formula (115) CN General formula (115) H H H H H H
1020 General formula {115) H CN H H H H H H H
1021 General formula {115) General formula (115) CN General formula (115) F H H H H H
1022 General formula {115) General formula (115) CN F General formula (115) H H H H H
1023 General formula {115) General formula (115) CN F F H H H H H
1024 General formula {115) F CN General formula (115) F H H H H H
1025 F General formula (115) CN General formula (115) F H H H H H
1026 General formula {115) F CN F F H H H H H
1027 General formula {115) General formula (115) CN General formula (115) OH H H H H H
1028 General formula (115) General formula (115) CN OH General formula (115) H H H H H
1029 General formula {115) General formula (115) CN OH OH H H H H H
1030 General formula {115) OH CN General formula (115) OH H H H H H
1031 OH General formula (115) CN General formula (115) OH H H H H H
1032 General formula {115) OH CN OH OH H H H H H
1033 General formula (115) General formula (115) CN Cl General formula (115) H H H H H
1034 General formula (115) General formula (115) CN Cl General formula (115) H H CH, H H
1035 General formula (115) General formula (115) CN Cl General formula (115) H H CH;0 H H
1036 General formula (115) General formula (115) CN Cl General formula (115) H H t-C4Hg H H
1037 General formula (115) General formula (115) CN Cl General formula (115) H H Cl H H
1038 General formula {115) General formula (115) CN Cl General formula (115) H H F H H
1039 General formula (115) General formula (115) CN F General formula (115) H H H H H
1040 General formula (115) General formula (115) CN F General formula (115) H H CH, H H
1041 General formula (115) General formula (115) CN F General formula (115) H H CH,0 H H
1042 General formula (115) General formula (115) CN F General formula (115) H H t-C4Hg H H
1043 General formula (115) General formula (115) CN F General formula (115) H H Cl H H
1044 General formula (115) General formula (115) CN F General formula (115) H H F H H
1045 General formula (115) General formula (115) CN CH,O General formula (115) H H H H H
1046 General formula (115) General formula (115) CN CH,;0 General formula (115) H H CH, H H
1047 General formula (115) General formula (115) CN CH,;0 General formula (115) H H CH;0 H H
1048 General formula (115) General formula (115) CN CH,0 General formula (115) H H t-C4Hg H H
1049 General formula (115) General formula (115) CN CH,;0 General formula (115) H H Cl H H
1050 General formula {115) General formula (115) CN CH,;0 General formula (115) H H F H H
1051 General formula (115) General formula (115) CN C,H;0 General formula (115) H H H H H
1052 General formula (115) General formula (115) CN C,HO General formula (115) H H CH, H H
1053 General formula (115) General formula (115) CN C,H;0 General formula (115) H H CH;0 H H
1054 General formula (115) General formula (115) CN C,H;0 General formula (115) H H t-C4Hg H H
1055 General formula (115) General formula (115) CN C,H;0 General formula (115) H H Cl H H
1056 General formula (115) General formula (115) CN C,HO General formula (115) H H F H H
1057 General formula (115) General formula (115) CN CecHsO General formula (115) H H H H H
1058 General formula (115) General formula (115) CN CecHsO General formula (115) H H CH, H H
1059 General formula (115) General formula (115) CN CecHsO General formula (115) H H CH;0 H H
1060 General formula (115) General formula (115) CN C.HO General formula (115) H H t-C H, H H
1061 General formula (115) General formula (115) CN CecHsO General formula (115) H H Cl H H
1062 General formula (115) General formula (115) CN CecHsO General formula (115) H H F H H
1063 General formula (115) General formula (115) CN Formula (121) General formula (115) H H H H H
1064 General formula (115) General formula (115) CN Formula (121) General formula (115) H H CH, H H
1065 General formula (115) General formula (115) CN Formula (121) General formula (115) H H CH;0 H H
1066 General formula (115) General formula (115) CN Formula (121) General formula (115) H H t-C4Hg H H
1067 General formula (115) General formula (115) CN Formula (121) General formula (115) H H Cl H H
1068 General formula (115) General formula (115) CN Formula (121) General formula (115) H H F H H
1069 General formula (115) General formula (115) CN Formula (122) General formula (115) H H H H H
1070 General formula (115) General formula (115) CN Formula (122) General formula (115) H H CH, H H
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TABLE 6-continued

Com- General formula (115)

pound General formula (1) R, R, R7, R™ R7,
No. R! R? R3 R? RS RSO R R7S R RS
1071  General formula (115) General formula (115) CN Formula (122) General formula (115) H H CH,0 H H
1072 General formula (115) General formula (115) CN Formula (122) General formula (115) H H t-C4Hg H H
1073 General formula (115) General formula (115) CN Formula (122) General formula (115) H H Cl H H
1074  General formula (115) General formula (115) CN Formula (122) General formula (115) H H F H H
1075 General formula (115) General formula (115) CN Formula (123) General formula (115) H H H H H
1076 General formula {115) General formula (115) CN Formula (123) General formula (115) H H CH, H H
1077 General formula (115) General formula (115) CN Formula (123) General formula (115) H H CH,0 H H
1078 General formula (115) General formula (115) CN Formula (123) General formula (115) H H t-C4Hg H H
1079 General formula (115) General formula (115) CN Formula (123) General formula (115) H H Cl H H
1080 General formula {115) General formula (115) CN Formula (123) General formula (115) H H F H H
1081 General formula (115) General formula (115) CN Formula (124) General formula (115) H H H H H
1082 General formula {115) General formula (115) CN Formula (124) General formula (115) H H CH, H H
1083 General formula (115) General formula (115) CN Formula (124) General formula (115) H H CH;0 H H
1084 General formula (115) General formula (115) CN Formula (124) General formula (115) H H t-C4Hg H H
1085 General formula (115) General formula (115) CN Formula (124) General formula (115) H H Cl H H
1086 General formula {115) General formula (115) CN Formula (124) General formula (115) H H F H H

[0100] Examples of the preferred light-emitting material ~ R'>and R'®,R">and R'®, R'” and R'®, R'® and R"®, and R"®

include the following compounds.
[0101] (1) A compound represented by the following gen-
eral formula (131):

General Formula (131)
RS

CN
R3 R!

RZ

wherein in the general formula (131), front 0 to 1 of R* to
R® represents a cyano group, from 1 to 5 of R' to R® each
represent a group represented by the following general
formula (132), and the balance of R' to R® each represent a
hydrogen atom or a substituent other than the above.

General Formula (132)

RIi3 Rri2
Rl4 Rll
B\ e
Rl7 R20
RI8 R

wherein in the general formula (132), R to R* each
independently represent a hydrogen atom or a substituent, in
which R and R'?, R'? and R'?, R'* and R"*, R'* and R"?,

and R* each may be bonded to each other to form a cyclic
structure; and L'? represents a substituted or unsubstituted
arylene group or a substituted or unsubstituted heteroarylene
group.

[0102] (2) The compound according to the item (1),
wherein the group represented by the general formula (132)
is a group represented by any one of the following general
formulae (133) to (138):

General Formula (133)
R23 RZZ
N—LB—
R27 R30
R28 R29
General Formula (134)
R33 R32
R34 RSI
0 N—LM—
R35 R38
R36 R37
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-continued
General Formula (135)
R43 R42
R44 AQ? R4l
S N— L15_
RY6 RY
General Formula (136)
R RS
RS2 RS R RS
R63 N N—IL 16
R64 RGS RSS R58
RSG R57
General Formula (137)
R
R74 R72
R” R
N7 Sx—L—
R76 AQ? R79
RZS R78
General Formula (138)
R83 RSZ
R89
—_ L18_
R90

RSG R87

Jul. 27,2017

wherein in the general formulae (133) to (138), R** to R**,
R to R3®, R* to R*, R%! to R%, RS to RS, 7! to R, R™
to R®° each independently represent a hydrogen atom or a
substituent, in which R*! and R??, R®? and R?3, R** and R?*,
R?” and R?%, R?® and R*°, R® and R?°, R3! and R32, R3? and
R33, R and R34, R and R36’ R3% and R37, R and R38’ R#
and R*, R* and R®, R*® and R**, R* and R*®, R** and RY,
R*” and R*®, R> and R*?, R3? and R>?, R>* and R**, R® and
RSG’ R3S and R57, R and RSS’ R and R62’ R®2 and R63’ R®
and R**, R%* and R®, R>** and R*, R* and R*,R” and R 7>,
R7?and R”,R”® and R4, R™and R”%, R75 and R’7, R”” and
R78, R7® and R”%, R®! and R®2, R%2 and R, R®* and R®*, R®
and R®, R®* and R*’, R®” and R®®, and R®® and R®° each
may be bonded to each other to form a cyclic structure; and
L' to L'* each independently represent a substituted or
unsubstituted arylene group or a substituted or unsubstituted
heteroarylene group.

[0103] (3) The compound according to the item (1) or (2),
wherein in the general formula (131), R? represents a cyano

group.

[0104] (4) The compound according to any one of the
items (1) to (3), wherein in the general formula (131), R* and
R* each represent a group represented by the general for-
mula (132).

[0105] (5) The compound according to any one of the
items (1) to (4), wherein in the general formula (132), L'
represents a phenylene group.

[0106] (6) The compound according to any one of the
items (1) to (5), wherein the group represented by the
general formula (132) is a group represented by the general
formula (133).

[0107] (7) The compound according to the item (6),
wherein in the general formula (333), L'® represents a
1,3-phenylene group.

[0108] (8) The compound according to any one of the
items (1) to (5), wherein the group represented by the
general formula (132) is a group represented by the general
formula (134).

[0109] (9) The compound according to the item (8),
wherein in the general formula (134), L'* represents a
1,4-phenylene group.

[0110] (10) The compound according to any one of the
items (1) to (5), wherein the group represented by the
general formula (132) is a group represented by the general
formula (139).

[0111] (11) The compound according to the item (10),
wherein in the general formula (138), L'® represents a
1,4-phenylene group.

[0112] Examples of the compound include the following
compounds.
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[0113] Examples of the preferred light-emitting material
include compounds represented by the following general
formula (141). The entire description of WO 2013/011954
including the paragraphs 0007 to 0047 and 0073 to 0085 is
incorporated herein by reference.

Genenal Formula (141)

R4 Rl 7 RS

Rl3 RIZ

wherein it the general formula (141), R', R*, R? R* R> RS,
R7, R® and R'7 each independently represent a hydrogen
atom or an electron donating group, provided that at least
one thereof represents an electron donating group; R, R*,
R, R!2 R'? R'* R and R'® each independently represent
a hydrogen atom or an electron withdrawing group having
no unshared electron pair at the a-position; and Z represents
a single bond or >C—Y, wherein Y represents O, S, C(CN),
or C(COQOH),, provided that when Z represents a single
bond, at least one of R®, R'%, R'!, R'?, R, R'* R'® and R'®
represents an electron withdrawing group having no
unshared electron pair at the c-position.

[0114] Specific examples of the compounds include the
compounds shown in the following tables. In the tables, D1
to D3 represent the following aryl groups substituted with an
electron donating group, respectively; Al to A5 represent
the following electron withdrawing groups, respectively; H
represents a hydrogen atom; and Ph represents a phenyl

group.

288

o m
<1 “
-1 M
O//S\\O
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-continued
AS
v
NN
H
TABLE 7
Compound No. R? R’ R! R!® RY Z Other Rs
2001 H H Al Al Ph single bond H
2002 H DI Al Al Ph single bond H
2003 H D2 Al Al Ph single bond H
2004 H D3 Al Al Ph single bond H
2005 H H A2 A2 Ph single bond H
2006 H DI A2 A2 Ph single bond H
2007 H D2 A2 A2 Ph single bond H
2008 H D3 A2 A2 Ph single bond H
2009 H H A3 A3 Ph single bond H
2010 H DI A3 A3 Ph single bond H
2011 H D2 A3 A3 Ph single bond H
2012 H D3 A3 A3 Ph single bond H
2013 H H A4 A4 Ph  single bond H
2014 H DI A4 A4 Ph  single bond H
2015 H D2 A4 A4 Ph  single bond H
2016 H D3 A4 A4 Ph  single bond H
2017 H H A5 A5 Ph single bond H
2018 H DI A5 A5 Ph single bond H
2019 H D2 A5 A5 Ph single bond H
2020 H D3 A5 A5 Ph single bond H
2021 DI DI Al Al Ph single bond H
2022 D2 D2 Al Al Ph  single bond H
2023 D3 D3 Al Al Ph single bond H
2024 DI DI A2 A2 Ph single bond H
2025 D2 D2 A2 A2 Ph single bond H
2026 D3 D3 A2 A2 Ph single bond H
2027 DI DI A3 A3 Ph single bond H
2028 D2 D2 A3 A3 Ph single bond H
2029 D3 D3 A3 A3 Ph single bond H
2030 DI DI A4 A4 Ph single bond H
2031 D2 D2 A4 A4 Ph  single bond H
2032 D3 D3 A4 A4 Ph  single bond H
3033 DI DI A5 A5 Ph single bond H
2034 D2 D2 A5 A5 Ph single bond H
2035 D3 D3 A5 A5 Ph single bond H
TABLE 8
Compound No. R® R® RM RM RV Z Other Rs
2036 H H H Al Ph single bond H
2037 H DI H Al Ph single bond H
2038 H D2 H Al Ph single bond H
2039 H D3 H Al Ph single bond H
2040 H H H A2 Ph single bond H
2041 H DI H A2 Ph single bond H
2042 H D2 H A2 Ph single bond H
2043 H D3 H A2 Ph single bond H
2044 H H H A3 Ph single bond H
2045 H DI H A3 Ph single bond H
2046 H D2 H A3 Ph single bond H
2047 H D3 H A3 Ph single bond H
2048 H H H A4 Ph single bond H
2049 H DI H A4 Ph single bond H
2050 H D2 H A4 Ph single bond H
2051 H D3 H A4 Ph single bond H
2052 H H H A5 Ph single bond H
2053 H DI H A5 Ph single bond H
2054 H D2 H A5 Ph single bond H
2055 H D3 H A5 Ph single bond H
2056 DI DI H Al Ph single bond H
2057 D2 D2 H Al Ph single bond H
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TABLE 8-continued

Compound No. R3> R® R! RM RV Z Other Rs
2058 D3 D3 H Al Ph single bond H
2059 DI DI H A2 Ph single bond H
2060 D2 D2 H A2 Ph single bond H
2061 D3 D3 H A2 Ph single bond H
2062 DI DI H A3 Ph single bond H
2063 D2 D2 H A3 Ph single bond H
2064 D3 D3 H A3 Ph single bond H
2065 DI DI H A4 Ph single bond H
2066 D2 D2 H A4 Ph single bond H
2067 D3 D3 H A4 Ph single bond H
2068 DI DI H A5 Ph single bond H
2069 D2 D2 H A5 Ph single bond H
2070 D3 D3 H A5 Ph single bond H

TABLE 9

Compound No. R*> R’ R RY® RY z Other Rs
2071 H H Al Al Ph C=0O H
2072 H DI Al Al Ph C=O H
2073 H D2 Al Al Ph C=0O H
2074 H D3 Al Al Ph C=O H
2075 H H 2 A2 Ph C=O H
2076 H D1 2 A2 Ph C=O H
2077 H D2 2 A2 Ph C=O H
2078 H D3 2 A2 Ph C=O H
2079 H H A3 A3 Ph C=0O H
2080 H DI A3 A3 Ph C=0 H
2081 H D2 A3 A3 Ph C=0 H
2082 H D3 A3 A3 Ph C=0 H
2083 H H A4 A4 Ph C=0 H
2084 H DI A4 A4 Ph C=0 H
2085 H D2 A4 A4 Ph C=0 H
2086 H D3 A4 A4 Ph C=0 H
2087 H H A A5 Ph C=0 H
2088 H DI A5 A5 Ph C=0O H
2089 H D2 A5 A5 Ph C=0 H
2090 H D3 A5 A5 Ph C=0 H
2091 DI DI Al Al Ph C=0 H
2092 D2 D2 Al Al Ph C=O H
2093 D3 D3 Al Al Ph C=O H
2094 DI DI 2 A2 Ph C=0O H
2095 D2 D2 2 A2 Ph C=0 H
2096 D3 D3 2 A2 Ph C=0O H
2097 DI DI A3 A3 Ph C=O H
2098 D2 D2 A3 A3 Ph C=O H
2099 Di D3 A3 A3 Ph C=O H
2100 DI DI A4 A4 Ph C=O H
2101 D2 D2 A4 A4 Ph C=O H
2102 D3 D3 A4 A4 Ph C=0 H
2103 DI DI A5 A5 Ph C=O H
2104 D2 D2 AS A5 Ph C=O H
2105 Di D3 AS A5 Ph C=O H

TABLE 10

Compound No.  R? R¢ R!L RM RV Z Other Rs
2106 H H H Al Ph C=O H
2107 H D1 H Al Ph C=O H
2108 H D2 H Al Ph C=O H
2109 H D3 H Al Ph C=O H
2110 H H H A2 Ph C=O H
2111 H D1 H A2 Ph C=O H
2112 H D2 H A2 Ph C=O H
2113 H D3 H A2 Ph C=O H
2114 H H H A3 Ph C=O H
2115 H D1 H A3 Ph C=O H
2116 H D2 H A3 Ph C=O H
2117 H D3 H A3 Ph C=O H
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TABLE 10-continued TABLE 12-continued
Compound No.  R? R¢ R!  RM RV Z Other Rs Compound No.  R? R¢ R!L RM RV Z Other Rs
2118 H H H A4 Ph C=0 H 2179 H D2 H Al Ph C=S H
2119 H DI H A4 Ph C=0 H 2180 H D3 H Al Ph C=S H
2120 H D2 H A4 Ph C=0 H 2181 H H H A2 Ph C=S H
2121 H D3 H A4 Ph C=0 H 2182 H DI H A2 Ph C=S H
2122 H H H A5 Ph C=0 H 2183 H D2 H A2 Ph C=S H
2123 H DI H A5 Ph C=0 H 2184 H D3 H A2 Ph C=S H
2124 H D2 H A5 Ph C=0 H 2185 H H H A3 Ph C=S H
2125 H D3 H A5 Ph C=O H 2186 H DI H A3 Ph (=S H
2126 D1 D1 H Al Ph  C=O H 2187 H D2 H A3 Ph C—S§ H
2127 br Dbz H Al Ph C=O " 2188 H D3 H A3 Ph =S H
2128 D3 D3 H Al Ph C=0 H 189 H H H A4 Ph C—s 0
2129 DI DI H A2 Ph C=0 H
2130 D2 D2 H A2 Ph C=0 H ﬁg? E g; E ﬁi Eﬁ g:: E
2131 D3 D3 H A2 Ph C=0 H —
2132 DI DI H A3 Ph C=0 H 2192 H Dy H A Ph C=S H
2133 D2 D2 H A3 Ph C=0 H 2193 H H H A5 Ph C=S I
2134 D3 D3 H A3 Ph C=0 H 2194 H DI H A5 Ph  C=S H
2135 DI DI H A4 Ph C=0 H 2195 H D2 H A5 Ph (=8 H
2136 D2 D2 H A4 Ph C=0 H 2196 H D3 H A5 Ph C=S H
2137 D3 D3 H A4 Ph C=0 H 2197 D1 D1 H Al Ph C=S H
2138 DI DI H A5 Ph C=0 H 2198 D2 D2 H Al Ph C=S H
2139 D2 D2 H A5 Ph C=0 H 2199 D3 D3 H Al Ph C=S H
2140 D3 D3 H A5 Ph C=0 H 2200 DI DI H A2 Ph C=S H
2141 H H H H Ph C=0 H 2201 D2 D2 H A2 Ph C=S H
2202 D3 D3 H A2 Ph C=S H
2203 DI DI H A3 Ph (=S H
2204 D2 D2 H A3 Ph C=S H
TABLE 11 2205 D3 D3 H A3 Ph C=S H
2206 DI DI H A4 Ph C=S H
Compound No. R*> R’ R R!* RV Z Other Rs 2207 D2 D2 H A4 Ph  C=S H
2208 D3 D3 H A4 Ph C=S H
ne g a8 i 2209 DI DI H AS Ph C=$ H
214 H D2 AL Al b Oos - 2210 D2 D2 H A5 Ph C=S H
5148 H D3 Al Al Ph s i 211 D3 D3 H A5 Ph C=S H
2146 H H A2 A2 Ph C=S H 2212 B HE H H P =5 H
2147 H DI A2 A2 Ph (=S H
2148 H D2 A2 A2 Ph C=S§ H
2149 H D3 A2 A2 Ph (=S H
2150 H H A3 A3 Ph (=S H TABLE 13
2151 H DI A3 A3 Ph (=S H
2152 H D2 A3 A3 Ph (=S H Compound No. R? R’ R!® RIS RV Z Other Rs
2153 H D3 A3 A3 Ph (=S H
2154 H H A4 A4 Ph C=S H 2213 H H Al Al Ph C=C(N;, H
2155 H DI A4 A4 Ph C=S H 2214 H DI Al Al Ph C=C(N;, H
2156 H D2 A4 A4 Ph C=S H 2215 H D2 Al Al Ph C=C(N}, H
2157 H D3 A4 A4 Ph C=S H 2216 H D3 Al Al Ph C=C(N;, H
2158 H H A5 A5 Ph C=S H 2217 H H A2 A2 Ph C=C(N;, H
2159 H DI A5 A5 Ph (=S H 2218 H DI A2 A2 Ph C=C(CNj, H
2160 H D2 A5 A5 Ph C=S H 2219 H D2 A2 A2 Ph C=C(N;, H
2161 H D3 A5 A5 Ph C=S H 2220 H D3 A2 A2 Ph C=C(N;, H
2162 DI DI Al Al Ph C=S H 2221 H H A3 A3 Ph C=C(N;, H
2163 D2 D2 Al Al  Ph C=S H 2222 H DI A3 A3 Ph C=C(CN), H
2164 D3 D3 Al Al Ph C=S H 2223 H D2 A3 A3 Ph C=C(N;, H
2165 DI DI A2 A2 Ph C=S H 2224 H D3 A3 A3 Ph C=C(N;, H
2166 D2 D2 A2 A2 Ph C=S H 2225 H H A4 A4 Ph C=C(Ny, H
2167 D3 D3 A2 A2 Ph (=S H 2226 H DI A4 A4 Ph C=C(CN), H
2168 DI DI A3 A3 Ph C=S H 2227 H D2 A4 A4 Ph C=C(N;, H
2169 D2 D2 A3 A3 Ph C=S H 2228 H D3 A4 A4 Ph C=C(Ny, H
2170 D3 D3 A3 A3 Ph C=S H 2229 H H A5 A5 Ph C=C(CN), H
2171 DI DI A4 A4 Ph (=S H 2230 H DI A5 A5 Ph C=C(CN), H
2172 D2 D2 A4 A4 Ph C=S H 2231 H D2 A5 A5 Ph C=C(Ny, H
2173 D3 D3 A4 A4 Ph C=S H 2232 H D3 A5 A5 Ph C=C(CN), H
2174 DI DI A5 A5 Ph (=S H 2233 DI DI Al Al Ph C=C(CN), H
2175 D2 D2 A5 A5 Ph C=S H 2234 D2 D2 Al Al Ph C=C(N), H
2176 D3 D3 A5 A5 Ph C=S H 2235 D3 D3 Al Al Ph C=C(CN), H
2236 DI DI A2 A2 Ph C=C(CN), H
2237 D2 D2 A2 A2 Ph C=C(CN), H
2238 D3 D3 A2 A2 Ph C=C(CN), H
2239 DI DI A3 A} Ph C=C(CN), H
TABLE 12 2240 D2 D2 A3 A3 Ph C=C(CN), H
5 s 0 oo o1 2241 D3 D3 A3 A3 Ph C=C(CN), H
Compound No. R R R R R Z Other Rs 2242 DI DI A4 A4 Ph C—C (CN), I
2177 H H H Al Ph C-S I 2243 D2 D2 A4 A4 Ph C=C(CN), H
2178 H DI H Al Ph  C(—s - 2244 D3 D3 A4 A4 Ph C=C(CN), H
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TABLE 13-continued

Compound No. R?> R’ R! R! RY Z Other Rs
2245 DI DI A5 A5 Ph C=C(CN), H
2246 D2 D2 AS A5 Ph C—=C(CN), H
2247 D3 D3 AS A5 Ph C—=C(CN), H

TABLE 14

Compound No. R*® R® RY RM RV Z Other Rs
2248 H H H Al Ph C=C(CN), H
2249 H DI H Al Ph C=C(CN), H
2250 H D2 H Al Ph C=C(CN), H
2251 H D3 H Al Ph C=C(CN), H
2252 H H H A2 Ph C=C(CN), H
2253 H DI H A2 Ph C=C(CN), H
2254 H D2 H A2 Ph C=C(CN), H
2255 H D3I H A2 Ph C=C(CN), H
2256 H H H A3} Ph C=C(CN), H
2257 H DI H A3 Ph C=C(CN), H
2258 H D2 H A3 Ph C=C(CN), H
2259 H D3I H A3 Ph C=C(N), H
2260 H H H A4 Ph C=C(CN), H
2261 H DI H A4 Ph C=C(CN), H
2262 H D2 H A4 Ph C=C(CN), H
2263 H D3I H A4 Ph C=C(N), H
2264 H H H A5 Ph C=C(CN), H
2265 H DI H A5 Ph C=C(CN), H
2266 H D2 H A5 Ph C=C(CN), H
2267 H D3I H A5 Ph C=C(N), H
2268 DI DI H Al Ph C=C(CN), H
2269 D2 D2 H Al Ph C=C(CN), H
2270 D3 D3 H Al Ph C=C(CN), H
2271 DI DI H A2 Ph C=C(CN), H
272 D2 D2 H A2 Ph C=C(CN), H
2273 D3 D3 H A2 Ph C=C(CN), H
2274 DI DI H A3 Ph C=C(CN), H
2275 D2 D2 H A3 Ph C=CI(CN), H
2276 D3 D3 H A3 Ph C=C(CN), H
2277 DI DI H A4 Ph C=C(CN), H
2278 D2 D2 H A4 Ph C=C(CN), H
2279 D3 D3 H A4 Ph C=C(CN), H
2280 DI DI H A5 Ph C=C(CN), H
2281 D2 D2 H A5 Ph C=C(CN), H
2282 D3 D3 H A5 Ph C=C(CN), H
2283 H H H H P C=C(CN), H

TABLE 15
Compound No. R? R’ R!©® R!® RY Z Other Rs
2284 H H Al Al Ph C—C(COOH), H
2285 H DI Al Al Ph C=—C (COOH), H
2286 H D2 Al Al Ph C=C (COOH), H
2287 H D3 Al Al Ph C=—C (COOH), H
2288 H H A2 A2 Ph C=C(COOH), H
2289 H DI A2 A2 Ph C=—C (COOH), H
2290 H D2 A2 A2 Ph C=C (COOH), H
2201 H D3 A2 A2 Ph C=—C (COOH), H
2292 H H A3 A3 Ph C—C(COOH), H
2293 H DI A3 A3 Ph C=C (COOH), H
2294 H D2 A3 A3 Ph C=—C (COOH), H
2295 H D3 A3 A3 Ph C=—C (COOH), H
2296 H H A4 A4 Ph C—C(COOH), H
2297 H DI A4 A4 Ph C=C (COOH), H
2208 H D2 A4 A4 Ph C—C (COOH) , H
2299 H D3 A4 A4 Ph C—C (COOH), H
2300 H H A5 AS Ph C=C(COOH), H
2301 H DI A5 A5 Ph C=C (COOH), H
2302 H D2 A5 A5 Ph C=—C (COOH), H
2303 H D3 A5 AS Ph C=C(COOH), H
2304 DI DI Al Al Ph C=C(COOH), H
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TABLE 15-continued

Compound No. R* R’ R'® R'> RV Z Other Rs
2303 D2 D2 Al Al Ph C=C(COOH), H
2306 D3 D3 Al Al Ph C=C(COOH), H
2307 DI DI A2 A2 Ph C=C(COOH), H
2308 D2 D2 A2 A2 Ph C=C(COOH), H
2309 D3 D3 A2 A2 Ph C=C(COOH), H
2310 DI DI A3 A3 Ph C=C(COOH), H
2311 D2 D2 A3 A3 Ph C=C(COOH), H
2312 D3 D3 A3 A3 Ph C=C(COOH), H
2313 DI DI A4 A4 Ph C=C(COOH), H
2314 D2 D2 A4 A4 Ph C=C(COOH), H
2315 D3 D3 A4 A4 Ph C=C(COOH), H
2316 DI DI A5 A5 Ph C=C(COOH), H
2317 D2 D2 A5 A5 Ph C=C(COOH), H
2318 D3 D3 A5 A5 Ph C=C(COOH), H

TABLE 16

Compound No. R* R® R! R4 RY 4 Other Rs
2319 H H H Al Ph C=C(COOH), H
2320 H DI H Al Ph C=C(COOH), H
2321 H D2 H Al Ph C=C(COOH), H
2322 H D3 H Al Ph C=C(COOH), H
2323 H H H A2 Ph C=C(COOH), H
2324 H DI H A2 Ph C=C(COOH), H
2325 H D2 H A2 Ph C=C(COOH), H
2326 H D3 H A2 Ph C=C(COOH), H
2327 H H H A3 Ph C=C(COOH), H
2328 H DI H A3 Ph C=C(COOH), H
2329 H D2 H A3 Ph C=C(COOH), H
2330 H D3 H A3 Ph C=C(COOH), H
2331 H H H A4 Ph C=C(COOH), H
2332 H DI H A4 Ph C=C(COOH), H
2333 H D2 H A4 Ph C=C(COOH), H
2334 H D3 H A4 Ph C=C(COOH), H
2335 H H H A5 Ph C=C(COOH), H
2336 H DI H A5 Ph C=C(COOH), H
2337 H D2 H A5 Ph C=C(COOH), H
2338 H D3 H A5 Ph C=C(COOH), H
2339 DI DI H Al Ph C=C(COOH), H
2340 D2 D2 H Al Ph C=C(COOH), H
2341 D3 D3 H Al Ph C=C(COOH), H
2342 DI DI H A2 Ph C=C(COOH), H
2343 D2 D2 H A2 Ph C=C(COOH), H
2344 D3 D3 H A2 Ph C=C(COOH), H
2345 DI DI H A3 Ph C=C(COOH), H
2346 D2 D2 H A3 Ph C=C(COOH), H
2347 D3 D3 H A3 Ph C=C(COOH), H
2348 DI DI H A4 Ph C=C(COOH), H
2349 D2 D2 H A4 Ph C=C(COOH), H
2350 D3 D3 H A4 Ph C=C(COOH), H
2351 DI DI H AS Ph C=C(COOH), H
2352 D2 D2 H A5 Ph C=C(COOH), H
2353 D3 D3 H A5 Ph C=C(COOH), H
2354 H H H H Ph C=C(COOH), H

[0115] Examples of the preferred light-emitting material
include compounds represented by the following general
formula (151). The entire description of WO 2013/011955
including the paragraphs 0007 to 0033 and 0059 to 0066 is
incorporated herein by reference.
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General Formula (151)

R14 Rl3 RIZ Rll

wherein in the general formula (151), R!, R%, R*,R*,R*, RS,
R” and R® each independently represent a hydrogen atom or
an electron donating group, provided that at least one thereof
represents an electron donating group; R, R'®, R'!, R,
R',R" R and R'® each independently represent a hydro-
gen atom or an electron withdrawing group, provided that at
least one thereof represents an electron withdrawing group.

[0116] Specific examples of the compounds include the
compounds shown in the following tables. In the tables, D1
to D10 represent the unsubstituted electron donating groups
having the following structures, respectively.

200
(i
Ly
U D6

-continued
H
OND

N

TABLE 17

Jul. 27,2017

D8

Do

D10

Compound
No. R? R’ R RP Other Rs
3002 D1 D1 CN CN H
3003 D2 D2 CN CN H
3004 D3 D3 CN CN H
3005 D4 D4 CN CN H
3006 D5 D5 CN CN H
3007 Dé D6 CN CN H
3008 D7 D7 CN CN H
3009 D& DR CN CN H
3010 D9 D9 CN CN H
3011 D10 D10 CN CN H
3012 H D1 H CN H
3013 H D2 H CN H
3014 H D3 H CN H
3015 H D4 H CN H
3016 H D5 H CN H
3017 H D6 H CN H
3018 H D7 H CN H
3019 H DR H CN H
3020 H D9 H CN H
3021 H D10 H CN H
TABLE 18
Compound Other

No. R} RS RM RM Rs
3022 D1 D1 CN CN H
3023 D2 D2 CN CN H
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TABLE 18-continued TABLE 18-continued
Compound Other Compound Other
No. R? R® RY R# Rs No. Rr3 R® RY R4 Rs
3024 D3 D3 CN CN H 3034 H D3 H CN H
3025 D4 D4 CN CN H 3035 H D4 H CN H
3026 D5 D5 CN CN H 3036 H D5 H CN H
3027 D6 D6 CN CN H
3028 D7 D7 N N H 3037 H be oo H
3020 D8 D8 N N H 3038 H D7 Ho N H
3030 DY D9 CN N " 3039 H D8 Ho N H
3031 D10 D10 CN CN H 3040 H D9 H CN H
3032 H D1 H CN H 3041 H D10 H CN H
3033 H D2 H CN H
TABLE 19
Compound Other
No. R R’ R3. R6 RIC RIS RIL RM Rs
3042 diphenylamino group H CN H H
3043 bis (2-methylphenyl) amino group H CN H H
3044 bis (3-methylphenyl) amino group H CN H H
3045 bis (2,4-dimethylphenyl) amino group H CN H H
3046 bis (2,6-dimethylphenyl) amino group ~ H CN H H
3047 bis (3,5-dimethylphenyl) amino group  H CN H H
3048  bis (2,4,6-trimethylphenyl) aminc group H CN H H
3049 bis (4-ethylphenyl) amino group H CN H H
3050 bis (4-propylphenyl) amino group H CN H H
3051 diphenylamino group H H CN H
3052 bis (2-methylphenyl) amino group H H CN H
3033 bis (3-methylphenyl) amino group H H CN H
3054 bis (4-methylphenyl) amino group H H CN H
3055 bis (2,4-dimethylphenyl) amino group  H H CN H
3036 bis (2,6-dimethylphenyl) amino group H H CN H
3057 bis (3,5-dimethylphenyl) amino group H H CN H
3058 bis (2,4,6-timethylphenyl) amino group H H CN H
3059 bis (4-ethylphenyl) amino group H H CN H
3060 bis (4-propylphenyl) amino group H H CN H
TABLE 20
Compound Other
No. R R’ R3. RS RIO RIS RIL R Rs
3061 H diphenylamino group CN H H
3062 H bis (2-methylphenyl) amino group CN H H
3063 H bis (3-methylphenyl) amino group CN H H
3064 H bis (4-methylphenyl) amino group CN H H
3065 H  bis (2,4-dimethylphenyl) amino group CN H H
3066 H bis (2,6-dimethylphenyl) amino group CN H H
3067 H bis (3,3-dimethylphenyl) amino group CN H H
3068 H  bis (2,4,6-trimethylphenyl) amino group  CN H H
3069 H bis (4-ethylphenyl) amino group CN H H
3070 H bis (4-propylphenyl) amino group CN H H
3071 H diphenylamino group H CN H
3072 H bis (2-methylphenyl) amino group H CN H
3073 H bis (3-methylphenyl) amino group H CN H
3074 H bis (4-methylphenyl) amino group H CN H
3075 H bis (2,4-dimethylphenyl) amino group H CN H
3076 H bis (2,6-dimethylphenyl) amino group H CN H
3077 H bis (3,3-dimethylphenyl) amino group H CN H
3078 H  bis (2,4,6-trimethylphenyl) amino group H CN H
3079 H bis (4-ethylphenyl) amino group H CN H
3080 H bis (4-propylphenyl) amino group H CN H
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[0117] Examples of the preferred light-emitting material _continued
include compounds represented by the following general

formula (161). The entire description of WO 2013/081088

including the paragraphs 0008 to 0071 and 0118 to 0133 is

incorporated herein by reference.

N
General Formula (161) O

Y? each represent a nitrogen atom, and the balance thereof
represents a methine group, or all Y', Y* and Y each
represent a nitrogen atom; Z' and Z*> each independently
represent a hydrogen atom or a substituent; and R' to R®
each independently represent a hydrogen atom or a substitu-
ent, provided that at least one of R' to R represents a
substituted or ungubsrituted diarylamino group or a substi-
tuted or unsubstituted carbazolyl group. The compound
represented by the general formula (161) has at least two
carbazole structures in the molecule thereof.

wherein in the general formula (161), any two or Y*, Y and O

compounds.

[0118] Examples of the compound include the following '

CN
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87 [0119] Examples of the preferred light-emitting material
include compounds represented by the following general

formula (171). The entire description of JP-A-2013-256490
O including the paragraphs 0009 to 0046 and 0093 to 0134 is

incorporated herein by reference.

General Formula (171)
A
d -
Ar14< N
9 [ YYO N
N | Mo
N

O wherein in the general formula (171), Ar' to Ar® each
independently represent a substituted or unsubstituted aryl
group, provided that at least one thereof represents an aryl

group substituted with a group represented by the following
general formula (172).
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General Formula (172)

R3 R2
R* R!
Z N—
R® R®
R6 R7

wherein in the general formula (172), R to R? each inde-
pendently represent a hydrogen atom or a substituent; 7.
represents O, S, O—=C, or Ar*—N; and Ar* represents a
substituted or unsubstituted aryl group, provided that R* and
R2, R?*and R?, R? and R*, R® and R%, R® and R’, and R” and
R® each may be bonded to each other to form a cyclic
structure.

[0120] Examples of the compound include the following
compounds.
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[0121] Examples of the preferred light-emitting material

include compounds represented by the following general
formula (161). The entire description of JP-A-2013-116975
including the paragraphs 0008 to 0020 and 0038 to 0040 is
incorporated herein by reference.

General Formula (181)

Jul. 27,2017

wherein in the general formula (181), R*, R*, R* to R®, R/,
R*? and R'* to R'® each independently represent a hydrogen
atom or a substituent.

[0122] Examples of the compound include the following
compound.

[0123] Examples of the preferred light-emitting material
include the following compounds.

[0124] (1) A compound represented by the following gen-
eral formula (191):

General Formula (191)

RZ
R3
Rl
AP
R* N—<
N—Arl~</ \N
R3 N=(
" AP
R6
R7

wherein in the general formula (191), Ar' represents, a
substituted or unsubstituted arylene group; Ar* and Ar® each
independently represent a substituted or unsubstituted aryl
group; and R' to R® each independently represent a hydro-
gen atom or a substituent, provided that at least one of R to
R® represents a substituted or unsubstituted diarylamino
group, and R' and R?, R? and R?, R® and R*, R® and R¢, R®
and R”, and R” and R® each nay be bonded to each other to
form a cyclic structure.
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[0125] (2) The compound according to the item (1),
wherein in the general formula (191), at least one of R* to R*
represents a substituted or unsubstituted diarylamino group,
and at least one of R® to R® represents a substituted or
unsubstituted diarylamino group.

[0126] (3) The compound according to the item (2),
wherein in the general formula (191), R? and R® each
represent a substituted or unsubstituted diarylamino group.

[0127] (4) The compound according to any one of the
items (1) to (3), wherein in the general formula (191), at
least one of R to R® represents a substituted or unsubstituted
diphenylamino group.

[0128] (5) The compound according to any one of the
items (1) to (4), wherein in the general formula (191), Ar®
and Ar® each independently represent a substituted or unsub-
stituted phenyl group.

[0129] (6) The compound according to any one of the
items (1) to (5), wherein in the general formula (191), Ar*
represents a substituted or unsubstituted phenylene group, a
substituted or unsubstituted naphthylene group or a substi-
tuted or unsubstituted anthracenylene group.

[0130] (7) The compound according to the item (1),
wherein the compound has a structure represented by the
following general formula (192):

General Formula (192)

Rl4 Rl3

R6

Rl7 RIS

wherein in the general formula (152), R' to R® andR"! to R**
each independently represent a hydrogen atom or a substitu-
ent, provided that at least one of R to R® represents a
substituted or unsubstituted diarylamino group, and R and
R? R*>and R? R*and R* R® and RS, R® and R”, R” and R®,
R'"and R'?, R and R'?, R*® and R**, R'* and R'*, R'® and
R, R andR'®, R'"®and R'®,R'® and R>°, R*! and R*?, and
R** and R** each may be bonded to each other to form a
cyclic structure.

[0131] (8) The compound according to the item (7),
wherein in the general formula (192), at least one of R to R*
represents a substituted or unsubstituted diarylamino group,
and at least one of R® to R® represents a substituted or
unsubstituted diarylamino group.

[0132] (9) The compound according to the item (8),
wherein in the general formula (192), R* and R® each
represent a substituted or unsubstituted diarylamino group.

Jul. 27,2017

[0133] Specific examples of the compound include the
following compounds. Ph represents a phenyl group.
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[0134] Examples of the preferred light-emitting material
include the following compounds.

[0135] (1) A compound represented by the following gen-
eral formula (201):

General Formula (201)

wherein in the general formula (201), R* to R® each inde-
pendently represent a hydrogen atom or a substituent, pro-
vided that at least one of R* to R® represents a substituted or
unsubstituted carbazolyl group; and Ar' to Ar® each inde-
pendently represent a substituted or unsubstituted aromatic
ring or a heteroaromatic ring.

[0136] (2) The compound according to the item (3),
wherein in the general formula (201), at least one of R* and
RC represents a substituted or unsubstituted carbazolyl
group.

[0137] (3) The compound according to the item (1) ox (2),
wherein the carbazolyl group is a 1-carbazolyl group, a
2-carbazolyl group, a 3-carbazolyl group or a 4-carbazolyl
group.

[0138] (4) The compound according to any one of the
items (1) to (3), wherein the carbazolyl group has a sub-
stituent on the nitrogen atom in the carbazole ring structure.

[0139] (5) The compound according to any one of the
items (1) to (4), wherein in the general formula (201), at
least one of Ar', Ar® and Ar® represents a benzene ring or a
naphthalene ring.

[0140] (6) The compound according to any one of the
items (1) to (5), wherein in the general formula (201), Ar',
Ar* and Ar?® each represent the same aromatic ring or the
same heteroaromatic ring.

[0141] (7) The compound according to any one of the
items (1) to (6), wherein in the general formula (201), Ar’,
Ar® and Ar® each represent a benzene ring.

[0142] Specific examples of the compound include the
following compounds.
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[0143] Examples of the preferred light-emitting material
include compounds represented by the following general
formulae (211) and (212). The entire description of WO
2013/133359 including the paragraphs 0007 to 0032 and
0079 to 0064 is incorporated herein by reference.

General Formula (211)
71

A
A
A,

wherein in the general formula (231), Z', Z* and Z* each
independently represent a substituent.

ZZ

General Formula (212)

Arl AP
\N/

N)\|N
N)\N/LIN
Ar’ )\ )\ )\ Ar
SN N~
¥ Lo

wherein in the general formula (212), Ar', Ar*, Ar’, Ar*, Ar’
and Ar® each independently represent a substituted or unsub-
stituted aryl group.

[0144] Specific examples of the compound represented by
the general formula (212) include the compound represented
by the following structural formula.

L

PN
N

Compound 4001

N

A

Jul. 27,2017

[0145] Specific examples of the compound represented by
the general formula (212) include the compounds shown in
the following table. In the compounds shown in the table,
Ar', AP, AP, Ar*, Ar’ and Ar® are the same as each other,
and are expressed by Ar.

TABLE 21

Compound
No. Ar
4002 4-fluorophenyl
4003 3-fluorophenyl
4004 2-fluorophenyl
4005 3,5-difluorophenyl
4006 2,4, 6-trifluorophenyl
4007 4-methylphenyl
4008 3-methylphenyl
4009 2-methylphenyl
4010 3,5-dimethylphenyl
4011 2,4,6-trimethylphenyl
4012 4-ethylphenyl
4013 3-ethylphenyl
4014 2-ethylphenyl
4015 3,5-diethylphenyl
4016 4-propylphenyl
4017 3-propylphenyl
4018 3,5-dipropylphenyl
4019 4-tert-butylphenyl
4020 3-tert-butylphenyl
4021 3,5-di-tert-butylpheny!
4022 1-naphthyl
4023 2-naphthyl

[0146] Examples of the preferred light-emitting material
include compounds represented by the following general
formula (221). The entire description of WO 2013/161437
including the paragraphs 0008 to 0054 and 0101 to 0121 is
incorporated herein by reference.

General Formula (221)

RZ R! RIO R9

wherein in the general formula (222), R* to R*° each inde-
pendently represent a hydrogen atom or a substituent, pro-
vided that at least one of R' to R'® represents a substituted
or unsubstituted aryl group, a substituted or unsubstituted
diarylamino group or a substituted or unsubstituted 9-car-
bazolvl group, and R* and R*, R* and R?, R® and R*, R* and
R3 R%and R RS and R7, R” and R®, R®* and R®, and R® and
R' each may be bonded to each other to form a cyclic
structure.

[0147] Specific examples of the compound include the
following compounds.
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[0148] Examples of the preferred light-emitting material
include compounds represented by the following general
formula (231). The entire description of JP-A-2014-9352
including the paragraphs 0007 to 0041 and 0060 to 0069 is
incorporated herein by reference.

General Formula (231)

R! Wi X! A, 7! N R?
X A I RN X
Z & Z Z Z
R2 w2 X2 y? 72 N R4
ml m2 m3 m4

wherein in the general formula (231), R to R* each inde-
pendently represent a hydrogen atom or a substituted or
unsubstituted (N,N-diarylamino)aryl group, provided that at
least one of R to R* represents a substituted or unsubstituted
(N,N-diarylamino)aryl group, and two aryl groups consti-
tuting the diarylamino moiety of the (N,N-diarylamino) aryl
group may be bonded to each other; W', W=, X!, X* Y*, Y2,
7' and 7? each independently represent a carbon atom or a
nitrogen atom; and m* to m* each independently represent 0,
lor2.

[0149] Specific examples of the compound include the
following compounds,

Fk
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[0150] Examples of the preferred light-emitting material
include compounds represented by the following general
formula (241). The entire description of JP-A-2014-9224
including the paragraphs 0008 to 0048 and 0067 to 0076 is
Incorporated herein by reference.

General Formula (241)

wherein in the general formula (241), R* to R each inde-
pendently represent a hydrogen atom or a substituent, pro-
vided that at least one of R* to R® represents a substituted or
unsubstituted (N,N-diarylamino)aryl group, and two aryl
groups constituting the diarylamino moiety of the (N,N-
diarylamino)aryl group nay be bonded to each other; X' to
X®and Y* to Y® each independently represent a carbon atom
or a nitrogen atom; and n', n*, p', p>, q* and q> each
independently represent 0, 1 or 2.

[0151] Specific examples of the compound include the
following compounds.

141
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[0152]

Examples of the preferred light-emitting material
include the following compounds.

[0153] (1) A compound represented by the following gen-
eral formula (251):

General Formula (251)

A7=ab
.- AP Al— \A5
7 \ 1 {1/
Z N—Ar A
o/ /
Y -AI3 AZ_A3

wherein in the general formula (251), one of A' to A’
represents N, and the balance each independently represent.
C—R; R represents a non-aromatic group; Ar* to Ar® each
independently represent a substituted or unsubstituted
arylene group; and 7 represents a single bond or a linking
group.

[0154] (2) The compound according to the item (1),
wherein the compound represented by the general formula

(251) has a structure represented by the following general
formula (252):

General Formula (252)

Rl3 RIZ

R RN AT AS
\
Al— A’
Vi
7 —Ar1—<\ p A%
A2—

R20

A3
Rl7

r

RIS R19

wherein in the general formula (252), one of A' to A’
represents N, and the balance each independently represent
C—R; R represents a non-aromatic group; Ar' represents a
substituted or unsubstituted arylene group; R' to R and
R'7 to R*” each independently represent a hydrogen atom or
a substituent, in which R'" and R'?, R'? and R'?, R'® and
R, R'7 and R'®, R'® and R'?, and R and R*° each may be
bonded to each other to form a cyclic structure; and 7'
represents a single bond or a linking group having 1 or 2
linking chain atoms.

[0155] (3) The compound according to the item (1),
wherein the compound represented by the general formula
(251) has structure represented by the following general
formula (253):
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General Formula (253)
AT=A"

\,
Vi
A4
/

Al
Y—Ar!
<\
A2

wherein in the general formula (253), from 2 to 4 of A' to
A7 represent H, and the balance represent C—R; R repre-
sents a non-aromatic group; Ar' represents a substituted or
unsubstituted arylene group; and Y represents a substituted
or unsubstituted carbazol-9-yl group, a substituted or unsub-
stituted 10H-phenoxazin-10-yl group, a substituted or
unsubstituted 10H-phenothiazin-10-yl group, or a substi-
tuted or unsubstituted 10H-phenazin-5-yl group.

[0156] (4) The compound according to the item (3),
wherein in the general, formula (253), Y represents a group

represented by any one of the following general formulae
(254) to (257):

A3

General Formula (254)

R23 RZZ
N—
R R?
General Formula (255)
R33 R32
R34 ‘Qi R3l
0] N—
R35‘Q7 R38®
R36 R37
General Formula (256)
R43 R4Z

ot

R45 R48

o

R46 R47

149
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General Formula (257)
R53 RSZ
RS2 RE! R RS
R% N N—
R64 R65 RSS R58
R56 R57

wherein in the general formulae (254) to (257), R* to R**,
R?” to R?, R* to R*%, R®! to R**, and R®' to R®® each
independently represent a hydrogen atom or a substituent in
which R*! and R, R** and R*®, R** and R**, R*” and R*®,
R?® and R%*, R? and R*°, R*! and R32, R3? and R*3, R33 and
R34, R and R36’ R3S and R37, R37 and ng, R* and R43, R*
and R*3, R* and R*, R*® and R*®, R*® and R*’, R*’ and R*®,
R and R*%, R*? and R** R** and R**, R*® and R*®, R>® and
R, R* and R>®,R® and R**,R*? and R®, R** and R*, R*
and R®, R>* and R%', R*® and R%, each may be bonded to
each other to form a cyclic structure.

[0157] (5) The compound according to the item (3),
wherein in the general formula (253), Y represents a group
represented by the following general formula (258):

General Formula (258)

e RZ
R Q R
N—
e O R
R R

wherein in the general formula (258), R*!" to R** and R*"
to R*™ each independently represent a hydrogen atom or a
substituent, provided that at least one of R** and R**
represents a substituent, and R*'" and R**', R** and R**,
R23| and R24', R27q and R28|: R28| and R29|’ and R29| and R30|
each may be bonded to each other to form a cyclic structure.

[0158] (6) The compound according no the item (5),
wherein in the general formula (258), at least one of R**" and
R>® represents a substituted or unsubstituted diarylamino
group or a substituted or unsubstituted carbazol-9-yl group.

[0159] (7) The compound according to the item (4),
wherein In the general formula (253), Y represents a group
represented by the general formula (255).

[0160] Examples of the compound include the following
compounds.
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[0161] Examples of the preferred right-emitting material

include the following compounds,

[0162] (1) A compound represented by the following gen-
eral formula (261):

General Formula (261)

R! 0 R®
RZ R’
R? l X RS
R* RS

wherein in the general formula (261), X represents an
oxygen atom or a sulfur atom; and R1 to R8 each indepen-
dently represent a hydrogen atom or a substituent, provided
that at least one of R1 to R8 each independently represent a
group represented by any of the following formulae (262) to
(266) and R* and R?, R* and R?, R? and R*, R® and R®, R
and R7, R7 and R® each may be bonded to each other to form
a cyclic structure.

General Formula (262)

General Formula (263)

Jul. 27,2017

-continued
General Formula (264)
R43 R42
R444%;§7 R4l
R4a —N N— L40
R454Q7 R4
R46 R47
General Formula (265)
R53 RSZ
R54 QRSI
0 N—1%
RSSQRSS
R56 R57
General Formula (266)
R63 RGZ
RS QRGI
S N—IL®
RGSQR@

R66 R67

wherein in the general formulae (262) to (266), L*°, L*°,
L%, 1.°°, and 1.%° each independently represent a single bond
or a divalent linking group, and the group is bonded to the
eyclic structure of the general formula (261) through L%°,
L3° L%, L%, and L% and R** to R%*, R* to R*®, R* to R¥,
R* to R*®, R*%, R*! to R*®, and R®' to R®® each indepen-
dently represent a hydrogen atom or a substituent, provided
that R*! and R*, R** and R**, R** and R**, R** and R*, R*
and R*%, R*® and R*", R*” and R*®, R*! and R*?, R*? and R,
R3% and R*, R* and R*¢, R*¢ and R37, R37 and R*®, R3¢ and
R**, R*! and R**, R** and R**,R** and R**, R** and R*®, R*°
and R, R* and R*3, R>! and R*?, R*? and R**, R>* and R**,
R>® and R*¢, R*¢ and R*7, R%7 and R*%, R%! and R%2, R%? and
R%, R% and R**, R® and R®, R%® and R?’, and R%” and R%®
each may be bonded to each other to form a cyclic structure.

[0163] (2) The compound according to the item (1),
wherein In the general formula (261), at least one of R? and
RS represents a group represented by any of the general
formulae (262) to (266).

[0164] (3) The compound according to the item (2),
wherein in the general formula (261), R? and R® each

represent a group represented by any of the general formulae
(262) to (266).
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[0165] (4) The compound according to the item (2),
wherein in the general formula (261), at least one of R® and
RC represents a group represented by the general formula
(263).

[0166] (5) The compound according to the item (2),
wherein in the general formula (261), at least one of R® and
RC represents a group represented by the general formula
(262).

[0167] (6) The compound according to any one of the
items (1) to (5), wherein in the general formulae (262) to
(266), at least one of R*! to R**, R to R**, R*! to R**, R®!
to R*, and R®" to R®® represents a substituent.

[0168] (7) The compound according to the item (6),
wherein in the general formulae (262) to (266), at least one

Jul. 27,2017

Of R23 R26 R33 R36 P43 R46 R53 R56 R63 and R66
represents a substituent.
[0169] (8) The compound according to the item (7),

wherein the substituent is a group represented by any of
general formulae (262) to (266).

[0170] (9) The compound according to any one of the
items (1) to (8), wherein in the general formulae (262) to
(266), L represents a single bond.

[0171] (10) The compound according to any one of the
items (1) to (9), wherein in the general formula (261), X
represents an oxygen atom.

[0172] Examples of the compound include the following
compounds.

9
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[0173] Examples of the preferred light-emitting material
include the following compounds.

[0174] (1) A compound represented by the following gen-
eral formula (271):

General Formula (271)

o]
R! ” RI0
C

R R®

R* R’

wherein in the general formula (211), R* to R'® each inde-
pendently represent a hydrogen atom or a substituent, pro-
vided that at least one of R' to R'® each independently
represent a group represented by the following general

formula (272), and R* and R?>, R* and R*, R* and R, R* and
R> R®and R?, R” and R®, R® and R®, and R® and R'° each
may be bonded to each other to form a cyclic structure:

General Formula (272)
Rl3 RIZ

RIS ”
N—fPh—Cy—

6

RZO

.
5
72\

RIS Rl9
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wherein, in the general formula (272), R* to R*® each
independently represent a hydrogen atom or a substituent, in
which R and R'?, R'? and R'?, R'? and R'#, R'* and R"?,
R and R'®, R and R'7, R'” and R'®, R'® and R'?, and R"’
and R*® each may be bonded to each other to form a cyclic
structure; Ph represents a substituted or unsubstituted phe-
nylene group; and nl represents O or 1.

[0175] (2) The compound according to the item (1),
wherein the group represented toy the general formula (272)
is a group represented toy any one of the following general
formulae (273) to (275):

General Formula (273)
R23 RZZ
o]
|
N—Ph—C
RZS R29
General Formula (274)
R33 R32
R34 AQi R3l
|
6] N—Ph—Co—
RgS‘Qi R®
R36 R37
General Formula (275)
RS R:
R* ‘Qi R4
|
S, N—Ph—Co—

R48

%

R46 R47

Jul. 27,2017

-continued
General Formula (276)
R53 RSZ
R62 RGI R54 RSI
I
RS N N—Ph—Co—
R6 RS RSS RS8
R56 R57
General Folrmula (277)
R73
R74 R72
R75 R7l
O
/ [
N N—Ph—Cr
R76 ‘Qi R79
R77 R78
General Formula (278)
R83 RSZ
R89 (|)|
N—Ph—Ch 1
R90
R86 R87

wherein in the general formulae (273) to (278), R** to R**,
R¥ to st’ R% 1o R48’ R to R54, R%'t0 R65’ R to R79, RS
to R%® each independently represent a hydrogen atom or a
substituent, in which R*' and R*, R** and R**, R*® and R**,
R?” and R?%, R?® and R*°, R® and R3°, R3! and R3?, R3? and
R33, R and R34, R and R36’ R3S and R37, R37 and RSS, R*
and R*, R* and R®, R*? and R**, R* and R*®, R** and RY,
R*” and R*, R>! and R>2, R*? and R%?, R? and R>*, R and
R56’ R and R57, R and RSS’ R and R62’ R%2 and R63’ RS
andR%*, R* and R%, R>* and R%, R* and R%°, R"! and R,
R7?and R7, R and R7*, R and R”>, R7® and R”’7,R7” and
R78, R78 and R79, RSI and RSZ, RSZ and RSS, R83 and R84, RSS
and R®*®, R® and R, R*” and R®®, and R® and R*° each
may be bonded to each other to form a cyclic structure; and
Ph represent a substituted or unsubstituted phenylene group;
and nl represents 0 or 1.

[0176] (3) The compound according to the item (1) or (2),
wherein in the general formula (271), at least one of R to R?
and at least one of R® to R'® each represent a group
represented by the general formula (272).
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[0177] (4) The compound according to the item (3),
wherein in the general formula (271), R® and R® each
represent, ft group represented by the general formula (272).
[0178] (5) The compound according to any one or the
items (1) to (4), wherein the group represented by the
general formula (272) is a group represented by the general
formula (274).

[0179] (6) The compound according to any one of the
items (1) to (4), wherein the group represented by the
general formula (272) is a group represented by the general
formula (273).

o]

L

S
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[0180] (7) The compound according to the item (6),
wherein in the general formula (273), at least one of R*! to
R* and R* to R*® represents a substituent.

[0181] (8) The compound according to the item (7),
wherein the substituent is a group represented by any one of
the general formulae (273) to (278).

[0182] (9) The compound according to the item (8),
wherein in the general formula (273), at least one of R** and
R?® represents the substituent.

[0183] Examples of the compound include the following
compounds.
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[0184] Examples of the preferred light-emitting material
include the following compounds.

[0185] (1) A compound represented by the following gen-
eral formula (281):

General Formula (281)
Rl 9 RS

R3 X R®

wherein in the general formula (281), X represents an
oxygen atom or a sulfur atom; R' to R® each independently
represent a hydrogen atom or a substituent, provided that at
least one of R' to R® represents a group represented by any
one of the following general formulae (282) to (287), and R*
and R?, R? and R?, R?* and R* R® and R®, R®and R, R” and
R® R® and R®, and R® and R' may be bonded to each other
to form a cyclic structure; and R® represents a substituent,
provided that when R® contains an atom that contains a lone
electron pair without forming a single bond to the boron
atom, the atom may form a cyclic structure through a
coordination bond with the boron atom:
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R33 R32
v Q “
R3a

N—I 14—

R3l7
“ O “

R36 R37

R43 R42
R44‘%;§7 R4l
R*—N N—L 15—
R4S R4

R46 RY

General Formula (282)

General Formula (283)

General Formula (284)

General Formula (285)

Jul. 27,2017
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General Formula (286)
R53 RSZ
R54 AQ?RSI
o} N—LI6—=
R554Q7R58
RSG R57
General Formula (287)
R63 R62
R64 QRM
S N—LI—=
RGS

)
A

RGG R67

wherein in the general formulae (282) to (287), L'? to L'”
each independently represent a single bond or a divalent
linking group; * represents the position bonded to the
benzene ring in the general formula (281); and R'! to R*°,
R2 1o st’ R*1o R38, RSa’ Rsb, R* o R48’ R4a’ R 1o RSS,
R® to R%® each independently represent a hydrogen atom or
a substituent, in which R'" and R'?, R'? and R'?, R'® and
R R"%and R!%, R15 and R'7,R!7 and R'%, R'® and R'%, R
and R?°, R*! and R*?, R*?* and R**, R* and R**, R** and R**,
R?® and R®, R*® and R*7, R*” and R?%, R®! and R*?, R*? and
R33, R33 and R34, R3S and R36’ R3S and R37, R®7 and R38’ R3
and R*%, R* and R*, R*? and R*®, R* and R**, R** and R*,
R* and R*”,R*” and R** R*! and R*%, R*? and R**,R>* and
R54, RS and R56’ RS and R57, R and RSS’ R and R62’ RS2
and R%, R% and R%, R% and R%, R% and R%7, and R%” and
R each may be bonded to each other to form a cyclic
structure.

[0186] (2) The compound according to the item (1),
wherein in the general fornla (281), at least one of R to R®

represents a group represented by any one of the general
formulae (283) to (287),

[0187] (3) The compound according to the item (1) or (2),
wherein In the case where at least one of R' to R® in the
general formula (281) represents a group represented by the
general formula (283), at least one of R*! to R*® in the
general formula (283) represents a substituent.

[0188] (4) The compound according to any one of the
items (1) to (3), wherein in the general formula (281), at
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least one of R%, R?, RS, and R” represents a group repre-
sented by any one of the general formulae (262) to (287).
[0189] (5) The compound according to the item (4),
wherein in the general formula (281), at least one of R* and
R® represents a group represented by any one of the general
formulae (262) to (287).

[0190] (6) The compound according to the item (5),
wherein in the general formula (281), R* and R® each
independently represent a group represented by any one of
the general formulae (282) to (287).

[0191] (7) The compound according to any one of the
stems (1) to (6), wherein at least one of R'! to R*° in the
general formula (282), at least one of R*! to R*® in the
general formula (283), at least one of R*' to R*® and at least
one of R** and R*” in the general formula (284), at least one
of R*' to R*® in the general formula (285), at least one of R>*
to R*® in the general formula (286), and at least one of R
to R®® in the general formula (287) each represent a sub-
stituent.

[0192] (8) The compound according to the item (7),
wherein at least one of R*® and R'® in the general formula
(282), at least one of R* and RS in the general formula
(283), at least one of R** and R*° and at least one of R*? and
R?” in the general formula (284), at least one of R** and R*¢
in the general formula (285), at least one of R** and R*° in
the general formula (286), and at lease one of R%® and R
in the general formula (287) each represent a substituent.
[0193] (9) The compound according to the item (8),
wherein at least one of R*® and R'® in the general formula
(262), at least one of R* and R*° in the general formula
(283), at least one of R** and R*S and at least one of R*? and
R?? in the general formula (264), at least one of R** and R*
in the general formula (285), at least one of R** and R*® in
the general formula (286), and at least one of R® and R% in
the general formula (287) each represent a group represented
by any one of the general formulae (282) to (287).

[0194] (10) The compound according to any one of the
items (1) to (5), wherein in the general formulae (282) to
(287), L'? to L'” each represent a single bond.

[0195] (11) The compound according to any one of the
items (1) to (10), wherein in the general formula (281), X
represents an oxygen atom.

Lo s
JeeeleNas

Jul. 27,2017

[0196] (12) The compound according to any one of the
items (1) to (11), wherein in the general formula (281), R®
represents a group represented by the following general
formula (a):

General Formula (a)
R%

wherein in the general formula (a), * represents the position
bonded to the boron atom in the general formula (281); and
R% R%, R®¢, R%, and R®® each independently represent a
hydrogen atom or a substituent, in which R°* and R*®, R
and R*, and R°?, and R*? and R** may be bonded to each
other to form a cyclic structure.

[0197] (13) The compound according to the item (12),
wherein in the general formula (a), R>* and R** each rep-
resent a substituent.

[0198] (14) The compound according to any one of the
items (1) to (13), wherein in the general formula (281), at
least one of R to R® represents a group represented by the
general formula (284).

[0199] (15) The compound according to any one of the
items (1) to (4), and (7) to (14), wherein in the general
formula (281), R® and RS, or R? and R® each represent a
group represented by the general formula (284).

[0200] (16) The compound according to the item (14) or
(15), wherein in the general formula (234), R* and R*® each
represent a substituent.

[0201] (17) The compound according to any one of the
items (14) to (16), wherein the substituent is an alkyl group
having from 1 to 15 carbon atoms or a phenyl group.
[0202] (18) The compound according to any one of the
items (14) to (16), wherein in the general formula (284), R**
and R*” are bonded to each other to form a cyclic structure.
[0203] Examples of the compound include the following
compounds.
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[0204] Examples of the preferred light-emitting material
include the following compounds.

[0205] (1) A compound represented by the following gen-
eral formula (291):

General Formula (291)

R} R?
R* R!
Yo
X N—Ar1~<\ AP
N
R® RS
R6 R7

wherein in the general formula (291), X represents O, S,
N—R!", C=0, CR"HR'), or SI(R*)(R"); Y represents
0, S, or N—R'%; Ar' represents a substituted or unsubsti-
tuted arvlene group; Ar” represents an aromatic ring or a
heteroaromatic ring; and R' to R® and R"" to R'® each
independently represent a hydrogen atom or a substituent, in
which R! and R?, R? and R?, R* and R*, R® and RS, R and
R’,and R” and R® each may foe bonded to each other to form
a cyclic structure.

[0206] (2) The compound according to the item (1),
wherein the compound represented by the general formula

(291) is a compound represented by the following general
formula (292):

R3 R?
R4 AQ; Rl RZI
X N

RS RS R24

General Formula (292)

RZZ
Y.
LS
N .t
R23

wherein in the general formula (292), X represents O, S,
N—R!", C=0, C(R*)R"), or SIR**(R'®); Y represents
0, S, or N—R'% Ar? represents an aromatic ring or a
heteroaromatic ring; and R* to R®, R*! to R*¢, and R*! to R**
each Independently represent a hydrogen atom or a substitu-
ent, in which R! and R? R? and R?, R* and R, R® and R®,
R% and R7, R7 and R®, R?! and R*?, and R** and R** each
may be bonded to each other to form a cyclic structure.
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[0207] (3) The compound according to the item (1), _continued
wherein the compound represented by the general formula
(391) is a compound represented by the following general
formula (293):

e
7
2

General Formula (293)
) ' @
R Rl R R2 R
- R
X N \
N R3
RS RS R RS
R® R’

wherein in the general formula (293), X represents O, S,
N—R!", C=0, C(R*?) R™), or Si(R'*) (R'*); Y represents
0, S, or N—R'% and R to R®, R™ to R'¢, R*! to R**, and
R*! to R** each independently represent a hydrogen atom or
a substituent, in which R' and R?, R? and R?, R* and R*, R*
andR®, R®and R”, R” and R®, R*! and R**, R** and R** R*!
and R*?, R*? and R**, and R** and R** each stay be bonded
to each other to form a cyclic structure.

10 X
2
O

Z
Z/O

[0208] (4) The compound according to any one of the
items (1) to (3), wherein X represents O or S.

[0209] (5) The compound according to any one of the
items (1) to (4), wherein X represents O, S, or N—R'®, and
R'® represents a substituted or unsubstituted aryl group.

1 X

[0210] (6) The compound according to any one of the
items (1) to (5), wherein R* to R® each independently
represent a hydrogen atom, a fluorine atom, a chlorine atom,
a cyano group, a substituted or unsubstituted alkyl group
having from 1 to 10 carbon atoms, a substituted or unsub-
stituted alkoxy group having from 1 to 10 carbon atoms, a
substituted or unsubstituted dialkylamino group having from
1 to 10 cartoon atoms, a substituted or unsubstituted diary-
lamino group having from 12 to 40 carbon atoms, a substi-
tuted or unsubstituted aryl group having from 6 to 15 carbon
atoms, a substituted or unsubstituted heteroaryl group hav-
ing from 3 to 12 carbon atoms.

o O
o
858 8

[0211] Examples of the compound include the following
compounds.

.4
2

0
N<><\
N

oo
S
e
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[0212] Examples of the preferred light-emitting material
include the following compounds.

[0213] (1) A compound represented by the following gen-
eral formula (301):

D)-A General Formula (301)

wherein in the general formula (301), D represents a group
represented by the following general formula (302); A
represents an n-valent group containing a structure repre-
sented by the following general formula (303); and n rep-
resents an integer of from 1 to 8:
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General Formula (302)
R} R?

RS R’

wherein in the general formula (303) Z* represents O, S,
C=0, C(R*")(R*?), Si(R**)(R**), N—Ar>, or a single bond;
R?! to R** each independently represent an alkyl croup
having from 1 to 8 carbon atoms; Ar’ represents a (substi-

nl

tuted or unsubstituted aryl group; and R' to R® each inde-
pendently represent a hydrogen atom or a substituent, in
which R! and R?, R? and R?, R* and R*, R® and R, R and
R, and R” and R® may be bonded to each other to form a
cyclic structure, and when Z' represents a single bond, at
least one of R' to R® represents a substituted or unsubstituted
diarylamino group:

General Formula (303)
gt
¥

wherein in the general formula (303), Y represents O, S, or
N—Ar*; and Ar* represents a substituted or unsubstituted
aryl group.

[0214] (2) The compound according co the item (1),

wherein in the general formula (302), Z' represents O, S,
C=0, C(R*H(R?), Si(R*)(R**), or a single bond.

[0215] (3) The compound according to the item (1),
wherein in the general formula (302), Z' represents N—Ar”.

[0216] (4) The compound according to any one of the
items (1) to (3), wherein in the general formula (301), A has

R”QR“
N—N
AII% )—Aﬁ
Y
RIS

Jul. 27,2017

a structure represented by the following general formula
(304):

General Formula (304)
N—N
wd Voo
Y

wherein in the general formula (304), X represents O, S, or
N—Ar* and Ar" and Ar® each independently represent a
substituted or unsubstituted aromatic group.

[0217] (5) The compound according to any one of the
items (1) to (4), wherein in the general formula (301), n
represents an integer of from 1 to 4.

[0218] (6) The compound according to any one of the
items (2) to (3), wherein the compound is represented by the
following general formula (305):

General Formula (305)
Rl3 RIZ
N 72
Rls n2
wherein in the general formula (305), Z' and Z* each
independently represent O, S, C=0, C(R**)(R**), Si(R*)
(R*%), N—Ar’, or a single bond; R** to R** each indepen-
dently represent an alkyl group having from 1 to 8 carbon
atoms; Ar’ represents a substituted or unsubstituted aryl
group; Ar' and Ar* each independently represent a substi-
tuted or unsubstituted aromatic group; Y represents O, S, or
N—Ar* Ar* represents a substituted or unsubstituted aryl
group; R' to R®and R*! to R'® each independently represent
ahydrogen atom or a substituent, in which R* and R?, R? and
R?,R?andR* R® and R®, R® and R”, R” and R®, R* and R*?,
R*?and R*?, R** and R'* R*® and R*®, R*® and R'7, and R*’
and R'® each may be bonded to each other to form a cyclic
structure, provided that when Z' represents a single bond, at
least one of R to R® represents a substituted or unsubstituted
diarylamino group, and when 7> represents a single bond, at
least one of R to R'® represents a substituted or unsubsti-
tuted diarylamino group; and nl and n2 each independently

represent an integer of from O to 8, provided that the sum of
nl and n2 is from 1 to 8.

[0219] (7) The compound according to the item (6),
wherein in the general formula (305), Z' and Z* each
independently represent O, S, N—Ar’, or a single bond.
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[0220] (8) The compound according to the item (6) or (7),
wherein in the general formula (305), Y represents O or
N—Ar.

[0221] (9) The compound according to any one of the

items (1) to (3), wherein the compound is represented by the
following general formula (306):

General Formula (306)

R? R?
R4 R!
N—N
7! N—m1'—4 )—Aﬂ’
v
R’ R®
RS R’

wherein in the general formula (306), Z* represent a O, S,
C=0, C(R*")(R>), Si(R**)(R**), N—Ar?, or a single bond;
R?! to R** each independently represent an alkyl group
having from 1 to 8 carbon atoms; Ar represents a substituted
or unsubstituted aryl group; Ar" represents a substituted or
unsubstituted arylene group; Ar” represents a substituted or
unsubstituted aryl group; Y represents O, S, or N—Ar*; Ar*
represents a substituted or unsubstituted aryl group; and R
to RS each independently represent a hydrogen atom, or a
substituent, in which R' and R?, R? and R?, R* and R*. R®
and RS, R and R’ and R” and R* each may be bonded to
each other to form a cyclic structure, provided that when Z*
represents a single bond, at least one of R' to R® represents
a substituted or unsubstituted diarylamino group.

[0222] (10) The compound according to any one of the
items (1) to (3), wherein the compound is represented by the
following general formula (307):

General Formula (307)

R3 RZ Rl3 RIZ
R* R! R RN
N—N
7! N—Arl% )—Arz"—N 72
Y
RS R8 RIS R]S
RS R7 RI6 RrI17

wherein in the general formula (307), Z' and Z* each
independently represent O, S, C=0, C(R*")}(R*?), Si(R*)
(R**), N—Ar’, or a single bond; R*" to R** each indepen-
dently represent an alkyl group having from 1 to 8 carbon
atoms; Ar® represents a substituted or unsubstituted aryl
group; Ar'" and Ar™ each independently represent a sub-
stituted or unsubstituted arylene group; Y represents O, S, or
N—Ar* Ar* represents a substituted or unsubstituted aryl
group; and R* to R® and R'' to R'™® each independently
represent a hydrogen atom or a substituent, in which R' and
R, R?*and R* R*and R*, R® and R®, R and R7, R” and R®,
R'" and R'?, R and R'®, R*® and R**, R"® and R'%, R'® and
R'7, and R'” and R'® each may be bonded to each other to
form a cyclic structure, provided that when 7' represents a
single bond, at least one of R* to R® represents a substituted
or unsubstituted diarylamino group, and when Z* represents
a single bond, at least one of R to R'® represents a
substituted or unsubstituted diarylamino group.

[0223] (11) The compound according to the item (10),
wherein in the general formula (307), Z' and Z* are the same
as each other, Ar'" and Ar®" are the same as each other, R*
and R'* are the same as each other, R® and R'? are the same
an each other, R* and R'? are the same as each other, R* and
R are the same as each other, R® and R'° are the same as
each other, R® and R'” are the same as each other, R” and R'¢
are the same as each other, and R® and R'’ are the same as
each other.

[0224] (12) The compound according to the item (10) or
(11), wherein in the general formula (307), Z*' and Z* each
independently represent O, S, or N—Ar’,

[0225] Examples of the compound include the following
compounds.
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[0226] In the case where the compound represented by the
general formula (1) is used as a light-emitting material, on
the other hand, one kind or two or more kinds selected from
the group of compounds represented by the general formula
(1) of the invention may be used therefor. As described
above, from the standpoint that the singlet excitons and the
triplet excitons generated in the light-emitting material are
confined in the light-emitting material, a host material is
preferably used in addition to the light-emitting material in
the light-emitting layer. The host material used may be are
organic compound that has excited singlet energy and
excited triplet energy, at least one of which is higher than
those of the light-emitting material of the invention. Even
though the singlet excitons and the triplet excitons are not
confined sufficiently, however, a high light emission effi-
ciency may be obtained in same cases, and thus a host
material that is capable of achieving a high light emission
efficiency may be used in the invention without any particu-
lar limitation.

[0227] In the organic light-emitting device and the organic
electroluminescent device of the invention, the light emis-
sion occurs in the light-emitting material of the invention
contained in the light-emitting layer. The emitted light
contains both fluorescent light and delayed fluorescent light.
However, a part of the emitted light may contain emitted
light from the host material, or the emitted light may
partially contain emitted light from the host material.
[0228] In the case where the host material is used, the
amount of the compound of the invention as the light-
emitting material contained in the light-emitting layer is
preferably 0.1% by weight or more, and more preferably 1%
by weight or more, and is preferably 50% by weight or less,
more preferably 20% by weight or less, and further prefer-
ably 10% by weight or less.

[0229] The host material in the light-emitting layer is
preferably an organic compound that has a hole transporting
function and an electron transporting function, prevents the
emitted light from being increased in wavelength, and has a
high glass transition temperature.

Injection Layer

[0230] The injection layer is a layer that is provided
between the electrode and the organic layer, for decreasing
the driving voltage and enhancing the light emission lumi-
nance, and includes a hole injection layer and an electron
injection layer, which may be provided between the anode
and the light-emitting layer or the hole transporting layer
and between the cathode and the light-emitting layer or the
electron transporting layer. The injection layer may be
provided depending on necessity.

Barrier Layer

[0231] The barrier layer is a layer that is capable of
inhibiting charges (electrons or holes) and/or excitons pres-
ent in the light-emitting layer from being diffused outside the
light-emitting layer. The electron barrier layer may be dis-
posed between the light-emitting layer and the hole trans-
porting layer, and inhibits electrons from passing through
the light-emitting layer toward the hole transporting layer.
Similarly, the hole barrier layer may be disposed between
the light-emitting layer and the electron transporting layer,
and inhibits holes from passing through the light-emitting
layer reward the electron transporting layer. The barrier
layer may also be used for inhibiting excitons from being
diffused outside the light-emitting layer. Thus, the electron
barrier layer and the hole barrier layer each may also have
a function as an exciton barrier layer. The term “the electron
barrier layer” or “the exciton barrier layer” referred herein is
intended to include a layer that has both the functions of an
electron barrier layer and an exciton barrier layer by one
layer.

Hole Barrier Layer

[0232] The hole barrier layer has the function of an
electron transporting layer in a broad sense. The hole barrier
layer has a function of inhibiting holes from reaching the
electron transporting layer while transporting electrons, and
thereby enhances the recombination probability of electrons
and holes in the light-emitting layer. As the material for the
hole barrier layer, the materials for the electron transporting
layer described later may be used depending on necessity.

Electron Barrier Layer

[0233] The electron barrier layer has the function of
transporting holes in a broad sense. The electron barrier
layer has a function of inhibiting electrons from reaching the
hole transporting layer while transporting holes, and thereby
enhances the recombination probability of electrons and
holes in the light-emitting layer.

Exciton Barrier Layer

[0234] The exciton barrier layer is a layer for inhibiting
excitons generated through recombination of holes and
electrons in the light-emitting layer from being diffused to
the charge transporting layer, and the use of the layer
inserted enables effective confinement of excitons in the
light-emitting layer, and thereby enhances the light emission
efficiency of the device. The exciton barrier layer may be
inserted adjacent to the light-emitting layer on any of the
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side of the anode and the side of the cathode, and on both the
sides. Specifically, in the case where the exciton barrier layer
is present on the side of the anode, the layer may be inserted
between the hole transporting layer and the light-emitting
layer and adjacent to the light-emitting layer, and in the case
where the layer is inserted on the side of the cathode, the
layer may be inserted between the light-emitting layer and
the cathode and adjacent to the light-emitting layer. Between
the anode and the exciton barrier layer that is adjacent to the
light-emitting layer on the side of the anode, a hole injection
layer, an electron barrier layer and the like may be provided,
and between the cathode and the exciton barrier layer that is
adjacent to the light-emitting layer on the side of the
cathode, an electron injection layer, an electron transporting
layer, a hole harrier layer and the like may be provided. In
the case where the barrier layer is provided, the material
used for the barrier layer preferably has excited singlet
energy and excited triplet energy, at least one of which is
higher than the excited singlet energy and the excited triplet
energy of the light-emitting layer, respectively.

Hole Transporting Layer

[0235] The hole transporting layer is formed of a hole
transporting material having a function of transporting
holes, and the hole transporting layer may be provided as a
single layer or plural layers.

[0236] The hole transporting material has one of injection
or transporting properly of holes and barrier property of
electrons, and may be any of an organic material and an
inorganic material. Examples of known hole transporting
materials that may be used herein include a triazole deriva-
tive, an oxadiazole derivative, an imidazole derivative, a
carbazole derivative, an indolocarbazole derivative, a pol-
yarylalkane derivative, a pyrazoline derivative, a pyrazolone
derivative, a phenylenediamine derivative, an arylamine
derivative, an amino-substituted chalcone derivative, an
oxazole derivative, a styrylanthracene derivative, a fluo-
renone derivative, a hydrazone derivative, a stilbene deriva-
tive, a silazane derivative, an aniline copolymer and an
electroconductive polymer oligomer, particularly a thio-
phene oligomer. Among these, a porphyrin compound, an
aromatic tertiary amine compound and a styrylamine com-
pound are preferably used, and an aromatic tertiary amine
compound is more preferably used.

Jul. 27,2017

Electron Transporting Layer

[0237] The electron transporting layer is formed of a
material having a function of transporting electrons, and the
electron transporting layer may be provided as a single layer
or plural layers.

[0238] The electron transporting material (which may also
function as a hole barrier material in some cases) needs only
to have a function of transporting electrons, which are
injected from the cathode, to the light-emitting layer.
Examples of the electron transporting layer that may be used
herein include a nitro-substituted fluorene derivative, a
diphenylquinone derivative, a thiopyran dioxide derivative,
carbodiimide, a fluorenylidene methane derivative, anthra-
quinodimethane and anthrone derivatives, and an oxadiazole
derivative. The electron transporting material used may be a
thiadiazole derivative obtained by replacing the oxygen
atom of the oxadiazole rang of the oxadiazole derivative by
a sulfur atom, or a quinoxaline derivative having a quinoxa-
line ring, which is known as an electron withdrawing group.
Furthermore, polymer materials having these materials
introduced to the polymer chain or having these materials
used as the main chain of the polymer may also be used.
[0239] In the production of the organic electroluminescent
device, the compound represented by the general formula (1)
may be used not only in the light-emitting layer but also in
the other layers than the light-emitting layer. In this case, the
compound represented by the general formula (1) used in the
light-emitting layer and the compound represented by the
general formula (1) used in the other layers than the light-
emitting layer may be the same as or different from each
other. For example, the compound represented by the gen-
eral formula (1) may be used in the injection layer, the
barrier layer, the hole barrier layer, the electron barrier layer,
the exciton barrier layer, the hole transporting layer, the
electron transporting layer and the like described above. The
film forming method of the layers are not particularly
limited, and the layers may be produced by any of a dry
process and a wet process.

[0240] Specific examples of preferred materials that may
be used in the organic electroluminescent device are shown
below, but the materials that may be used in the invention are
not construed as being limited to the example compounds.
The compound that is shown as a material having a particu-
lar function may also be used as a material having another
function. In the structural formulae of the example com-
pounds, R and Ry to R, each independently represent a
hydrogen atom or a substituent, and n represents an integer
of from 3 to 5.

[0241] Inthe case where the compound represented by the
general formula (1) is used as a light-emitting material,
preferred examples of a compound that may also be used as
the host material of the light-emitting layer are shown below.
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[0242] Preferred examples of a compound that may be
used as the hole injection material are shown below.
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[0243] Preferred examples of a compound that may be
used as the hole transporting material are shown below.
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[0244] Preferred examples of a compound that may be
used as the electron barrier material are shown below.
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[0245] Preferred examples of a compound that may be
used as the hole barrier material are shown below.
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[0246] Preferred examples of a compound that may be
used as the electron transporting material are shown below.
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[0247] Preferred examples of a compound that may be
used as the electron inaction material are shown below.

[0248] Preferred examples of a compound that may be
added are shown below. For example, the compound may be
added as a stabilizing material.
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[0249] The organic electroluminescent device thus pro-
duced by the aforementioned method emits light on appli-
cation of an electric field between the anode and the cathode
of the device. In this case, when the light emission, is caused
by the excited singlet energy, light having a wavelength that
corresponds to the energy level thereof may be confirmed as
fluorescent light and delayed fluorescent light. When the
light emission is caused by the excited triplet energy, light
having a wavelength that corresponds to the energy level
thereof may be confirmed as phosphorescent light. The
normal fluorescent light has a shorter light emission lifetime
than the delayed fluorescent light, and thus the light emis-
sion lifetime may be distinguished between the fluorescent
light and the delayed fluorescent light.

[0250] The phosphorescent light may substantially not
observed with a normal organic compound, such as the
compound of the invention, at room temperature since the
excited triplet energy is converted to heat or the like due to
the instability thereof, and is immediately deactivated with
a short lifetime. The excited triplet energy of the normal
organic compound may be measured by observing light
emission under an extremely low temperature condition.
[0251] The organic electroluminescent device of the
invention may be applied to any of a single device, a
structure with plural devices disposed in an array, and a
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structure having anodes and cathodes disposed in an X-Y
matrix. According to the invention, an organic light-emitting
device that is largely improved in light emission efficiency
may be obtained by adding the compound represented by the
general formula (1) in the light-emitting layer. The organic
light-emitting device, such as the organic electroluminescent
device, of the invention may be applied to a further wide
range of purposes. For example, an organic electrolumines-
cent display apparatus may be produced with the organic
electroluminescent device of the invention, and for the
details thereof, reference may be made to S. Tokito, C.
Adachi and H. Murata, “Yuki EL Display” (Organic EL
Display) (Ohmsha, Ltd.). In particular, the organic electrolu-
minescent device of the invention may be applied to organic
electroluminescent illumination and backlight which are
highly demanded.

EXAMPLE

[0252] The features of the invention will be described
more specifically with reference to synthesis examples and

1) n-BuLi, THF
2) CuCl

Jul. 27,2017

working examples below. The materials, processes, proce-
dures and the like shown below may be appropriately
modified unless they deviate from the substance of the
invention. Accordingly, the scope of the invention is not
construed as being limited to the specific examples shown
below. The light emission characteristics were evaluated by
using a source meter (2400 Series, produced by Keithley
Instruments Inc.), a semiconductor parameter analyzer
(E5273A, produced by Agilent Technologies, Inc.), an opti-
cal power meter (1930C, produced by Newport Corpora-
tion), an optical spectrometer (USB2000, produced by
Ocean Optics, Inc.), a spectroradiometer (SR-3, produced by
Topcon Corporation), and a streak camera (Model C4334,
produced by Hamamatsu Photonics K.K.).

Synthesis Example 1

Synthesis of Compound 1
[0253]

Pd(OAc)2, 1.2

~ 0
g
o

N.
H@ 3
A

1) n-BuLi, THF
2) CuCl

Pd(OAc)2, L2

Compound 1
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[0254] m-Carborane (1.87 g, 13.0 mmol) was placed in a
three-neck flask, which was then replaced by nitrogen.
Thereafter, 80 mL of tetrahydrofuran was added thereto, the
mixture was cooled to -78° C., and a 1.60 M n-butyllithium
hexane solution (9.80 ml, 26.0 mmol) was slowly added
dropwise thereto, followed by agitating at —78° C. for 15
minutes. Thereafter, the mixture was agitated at 0° C. for 1
hour, and copper(]) chloride (1.39 g, 14.3 mmol) was added
thereto, followed by agitating at room temperature for 30
minutes. Thereafter, 100 mL of a tetrahydrofuran solution
containing palladium(Il) acetate (0.15 g, 0.676 mmol), tri-
amethoxytriphenylphosphine (0.75 g, 2.13 mmol), and 9-(4-
bromophenyl)carbazole (5.00 g, 15.6 mmol) was added,
followed by agitating at room temperature for 48 hours.
Thereafter, water and chloroform were added to the mixture,
which was extracted therewith. The organic layer separated
was dried over sodium sulfate, and suction-filtered to pro-
vide a filtrate. The resulting filtrate was purified by column
chromatography and recrystallization, thereby providing
1-(4-carbazol-9-ylphenyl)-m-carborane (yield: 37.1%).

[0255] 1-(4-Carbazolylphenyl)-m-carborane (1.56 g, 4.0
mmol) was placed in a three-neck flask, which was then
replaced by nitrogen. Thereafter, 80 mL of tetrahydrofuran
was added thereto, the mixture was cooled to -78° C., and
a 1.60 M n-butyllithium hexane solution (5.0 mL, 8.0 mmol)
was slowly added dropwise thereto, followed by agitating at
-78° C. for 15 minutes. Thereafter, the mixture was agitated
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at 0° C. fox 1 hour, and copper(T) chloride (0.52 g, 5.2 mmol)
was added thereto, followed by agitating at room tempera-
ture for 30 minutes. Thereafter, 100 mL of a tetrahydrofuran
solution containing palladium(Il) acetate (0.047 g, 0.208
mmol), trismethoxytriphenylphosphine (0.23 g, 0.656
mmol), and 2-chloro-4,6-diphenyl-1,3,5-triazine (1.3 g, 4.8
mmol) was added, followed by agitating at room tempera-
ture for 48 hours. Thereafter, water and chloroform were
added to the mixture, which was extracted therewith. The
organic layer separated was dried over sodium sulfate, and
suction-filtered to provide a filtrate. The resulting filtrate was
purified by column chromatography, thereby providing the
compound 1 (yield: 44.5%). The compound was identified
by "H-NMR and elemental analysis.

[0256] 'H-NMR (500 MHz, CDCl,, TMS, 9): 8.63 (d,
J=1.0 Hz, 4H), 9.14 (d, J=7.5 Hz, 2H), 1.11 (d, J=8.5 Hz,
2H), 7.65-7.62 (m, 2H), 7.58-7.53 (m, 6H), 7.47-7.40 (m,
4H) 7.30 (t, ]=9.0 He, 2H), 3.89-1.75 (br, 10H, B—H)
[0257] Elemental analysis: Anal. Caled. for C;sH;,B; N,:
C, 68.16%, H, 5.23%, N, 9.08%. found: C, 66.25%, H,
5.21%, N, 9.17%.

Synthesis Example 2

Synthesis of Compound 2
[0258]

1) n-BuLi, THF
2) CuCl

N Pd(OAc)2, L2
3)

Compound 2
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[0259] 1-(4-Carbazolylphenyl)-m-carborane (1.56 g, 4.0
mmol) was placed in a three-neck flask, which was then
replaced by nitrogen. Thereafter, 80 mL of tetrahydrofuran
was added thereto, the mixture was cooled to =78° C., and
a 1.60 M n-butyllithium hexane solution (5.0 mL, 8.0 mmol)
was slowly added dropwise thereto, followed by agitating at
-78° C. for 15 minutes. Thereafter, the mixture was agitated
at 0° C. for 1 hour, rind copper(I) chloride (0.52 g, 5.2 mmol)
was added thereto, followed by agitating at room tempera-
ture for 30 minutes. Thereafter, 100 mL of a tetrahydrofuran
solution containing palladium(Il) acetate (0.047 g, 0.208
mmol), trisnethoxytriphenylphosphine (0.23 g 0.656
mmol), and 2-(4-bromophenyl)-4,6-diphenyl-1,3,5-triazine
(1.86 g, 4.8 mmol) was added, followed by agitating at room
temperature for 43 hours. Thereafter, water and chloroform
were added to the mixture, which was extracted therewith.
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The organic layer separated was dried over sodium sulfate,
and suction-filtered to provide a filtrate. The resulting filtrate
was purified by column chromatography, thereby providing
the compound 2 (yield: 10.8%). The compound was iden-
tified by *H-NMR and elemental analysis.

[0260] 'H-NMR (500 MHz, CDCl,, TMS, 9): 8.77 (d,
J=9.7 Hz, 4H), 8.69 (d, ]=8.7 Hz, 2H), 8.14 (d, ]=7.7 Hz,
2H), 7.75-7.72 (m, 4H), 7.65-7.57 (m, 6H), 7.53 (d, J=6.7
Hz, 2H), 7.47-7.40 (m, 4H), 6.5 (t, ]=8.7 Hz. 2H), 3.80-1.76
(br, 11H, B—H)

Synthesis Example 3

Synthesis of Compound 3
[0261]

Pd(PPhs)s, Cul

EtN
N = ’ .
THF, reflux

BioHi4
N, N-dimethylaniline

|

toluene, reflux

Compound 3
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[0262] 9-(4-Ethynylphenyl)-9H-carbazole (2.13 g, 8.0
mmol) and brominated triphenyltriazine (2.06 g, 5.3 mmol)
were placed in a three-neck flask, which was then replaced
by nitrogen. Thereafter, 180 mL of triethylamine and 100 ml,
of tetrahydrofuran wore added thereto for dissolution, and
then tetrakis (triphenylphosphine) palladium(0) (0.31 g,
0.0266 mmol) and copper(I) iodide (0.05 g, 5.57 mmol)
were added, followed by refluxing for 24 hours. Thereafter,
water and chloroform were added to the mixture, which was
extracted therewith. The organic layer separated was dried
over sodium sulfate, and suction-filtered to provide a filtrate.
The resulting filtrate was purified by column chromatogra-
phy, thereby providing 9-(4-((4,6-diphenyl-1,3,5-triazin-2-
yl)phenyl)ethynyl)phenyl)-9H-carbazole (yield: 39.3%).
[0263] Decaborane (0.231 g, 1.91 mmol) and N,N-dim-
ethylaniline (0.580 g, 4.79 mmol) were placed in a 100 mL
three-neck flask having been replaced by nitrogen, and
dissolved with 50 ml, of toluene. The solution was agitated
at room temperature for 30 minutes, and then heated for
refluxing under agitating for 2 hours. Thereafter, the tem-
perature thereof was lowered to 40° C., to which 9-(4-((4,
6-diphenyl-1.3,5-triazin-2-yl)phenyl Jethynyl)phenyl)-9H-
carbazole (1.0 g, 1.74 mmol) was added, followed by
refluxing for 24 hours. Thereafter, water and chloroform
were added to the mixture, which was extracted therewith.
The organic layer separated was dried over sodium sulfate,
and suction-filtered to provide a filtrate. A solid was obtained
by reprecipitation and purified by sublimation, thereby pro-
viding the compound 3 (yield: 21.8%). The compound was
identified by 1H-NMR and elemental analysis.

[0264] 'H-NMR (500 MHz, CDCl,;, TMS, 8): 8.72 (d,
J=8.5 Hz, 4H), 8.64 (d, ]=8.5 Hz, 2H), 8.02 (d, J=7.5 Hz,
2H), 7.72-7.69 (m, 4H), 7.63-7.54 (m, 6H), 7.39 (d, J=8.5
Hz, 2H), 7.24-7.14 (m, 6H), 3.83-1.78 (br, 10H, B—H)

Example 1

Production and Evaluation of Organic
Photoluminescent Device Using Compound 1 as
Host Material

[0265] A light-emitting material containing 4CzIPN, and
the compound 1 were vapor-deposited from separate vapor
deposition sources on a quartz substrate by a vacuum vapor
deposition method under condition of a vacuum degree of
from 2 to 7.0x107* Pa, so as to form a thin film having a
concentration of 4CzIPN of 3.0% by weight to a thickness
of 100 nm, thereby providing an organic photoluminescent
device.

[0266] FIG. 2 shows the light emission and absorption
spectra of the organic photoluminescent device thus pro-
duced with excitation light of 280 nm. The photolumines-
cence quantum efliciency was 84.9%.

Example 2

Production and Evaluation of Organic
Electroluminescent Device Using Compound 1 as
Host Material

[0267] Thin films were laminated on a glass substrate
having formed thereon an anode formed of indium tin oxide
(ITO) having a thickness of 100 nm, by a vacuum vapor
deposition method at a vacuum degree of from 2 to 7.0x10™*
Pa. Firstly, a-NPD was formed, to a thickness of 35 nm on
ITO, and then mCP was formed to a thickness of 10 nm
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thereon. Subsequently, a light-emitting material containing
4CzIPN and the compound 1 were co-deposited thereon
from separate vapor deposition sources to form a layer
having a thickness of 20 nm, which was designated as a
light-emitting layer. At this time, the concentration of
4C7IPN was 3.0% by weight. PPT was then formed to a
thickness of 40 nm, further lithium fluoride (LiF) was
vacuum vapor-deposited to a thickness of 0.8 nm, and then
aluminum (Al) was vapor-deposited to a thickness of 80 nm
to form a cathode, thereby completing an organic electrolu-
minescent device.

[0268] FIG. 3 shows the light emission spectrum of the
organic electroluminescent device thus produced at 10
mA/em®, FIG. 4 shows the voltage-current density-lumi-
nance characteristics thereof, and FIG. 5 shows current
density-external quantum efficiency characteristics thereof.
The organic electroluminescent device using the compound
1 as a host material exhibited a voltage of 3.9 V at a light
emission wavelength of 501 nm at 1 cd/m?, a voltage of
7.6V at 10 mA/em?, a luminance of 28,980 cd/m? at 10 V,
and an external quantum efficiency of 19.4% at 0.01
mA/cm®, which indicated a high external quant/am effi-
ciency.

Example 3

Production and Evaluation of Organic
Photoluminescent Device Using Compound 1 as
Light-Emitting Material

[0269] Toluene solutions of the compound X having a
concentrations of 107° M, 10~* M, and 10> M were pre-
pared in a glove box under an Ar atmosphere.

[0270] The compound 1 was vapor-deposited on a quartz
substrate by a vacuum vapor deposition method under
condition of a vacuum degree of from 2 to 7.0x10~* Pa to
form a thin film of the compound 1 to a thickness of 100 nm,
thereby providing an organic photoluminescent device.
[0271] The specimens using the compound 1 were mea-
sured for light emission and absorption spectra with exci-
tation light of 230 nm. FIG. 6 shows the light emission and
absorption spectra of the toluene solutions before bubbling
with nitrogen and the organic photoluminescent device
measured in the air, and FIG. 7 shows the light emission and
absorption spectra of the toluene solutions after bubbling
with nitrogen and the thin film organic photoluminescent
device measured in a nitrogen-containing atmosphere.
[0272] The photoluminescence quantum efficiency of the
toluene solution of the compound 1 before bubbling with
nitrogen was 1.9% for the toluene solution of 107> M, 2.1%
for the toluene solution of 107* M, and 2.7% for the toluene
solution of 10~ M, and that after bubbling with nitrogen was
76.3% for the toluene solution of 107> M, 17.8% for the
toluene solution of 10~* M, and 5.3% for the toluene solution
of 107> M. The photoluminescence quantum efficiency of
the organic photoluminescent device having the thin film of
the compound 1 was 33.9% measured in the air, and 47.0%
measured in a nitrogen-containing atmosphere.

[0273] FIG. 8 shows the light emission spectra for fluo-
rescent light, delayed fluorescent light, and total fluorescent
light of the organic photoluminescent device having the thin
film of the compound 1, and FIG. 9 shows the transient
decay curve measured at 300 K thereof. The transient decay
curve shows the measurement result of the light emission
lifetime obtained by measuring the process where the light
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emission intensity is deactivated on irradiating the com-
pound with excitation light. In ordinary one-component light
emission (fluorescent light or phosphorescent light), the
light emission intensity is decays monoexponentially. This
means that the light emission intensity decays linearly on a
graph with the semilogarithm as the ordinate. In a transient
decay curve of the compound 1 shown in FIG. 9, while a
linear component (fluorescent light) was observed in the
initial stage of observation, a component that deviated from
the linearity appeared after several microseconds. The later
component is light emission of the delayed component, and
the signal thereof added to the initial component appears as
a long tail curve on the longer time side. Thus, the mea-
surement of the light emission lifetime revealed that the
compound 1 was a light-emitting material that contained a
delayed component in addition to a fluorescent component.

Example 4

Production and Evaluation of Organic
Photoluminescent Device Using Compound 2 as
Light-Emitting Material

[0274] A toluene solution having a concentration of 10~
mol/l, was prepared in the same manner as in Example 3
except that the compound 2 was used instead of the com-
pound 1.

[0275] FIG. 10 shows the light emission and absorption
spectra of the toluene solution of the compound 2 thus
prepared, with excitation light of 320 nm after bubbling with
nitrogen. The photoluminescence quantum efficiency was

12.8%.
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INDUSTRIAL APPLICABILITY

[0276] The compound represented by the general formula
(1) is useful as a host material or a light-emitting material.
Accordingly, the compound of the invention may be effec-
tively used as a host material or a light-emitting material of
an organic light-emitting device, such as an organic elec-
troluminescent device. The compound of the invention
includes a compound that emits delayed fluorescent light,
and thus may be capable of providing an organic light-
emitting device having a high light emission efficiency.
Thus, the invention has high industrial applicability.

REFERENCE SIGNS LIST

[0277] 1 substrate

[0278] 2 anode

[0279] 3 hole injection layer
[0280] 4 hole transporting layer
[0281] 5 light-emitting layer

[0282] 6 electron transporting layer
[0283] 7 cathode

1. An organic light-emitting device comprising a com-
pound represented by the following general formula (1):

, General Formula (1)
7
IR
Xﬁ\ //\X“
N
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wherein in the general formula (1), X' to X'? each
independently represent C or BH constituting carbo-
rane, provided that among X' to X'?, the bonding
positions to A and D each represent C, and the other
thereof each represent BH; A represents an acceptor
bonded to the carborane through an aromatic ring or a
heteroaromatic ring; and D represents a donor bonded
to the carborane through an aromatic ring or a het-
eroaromatic ring.

2. The organic light-emitting device according to claim 1,
wherein the organic light-emitting device contains the com-
pound represented by the general formula (1) in a light-
emitting layer.

3. The organic light-emitting device according to claim 2,
wherein the organic light-emitting device contains the com-
pound represented by the general formula (1) as a host
material.

4. The organic light-emitting device according to claim 3,
wherein the light-emitting layer further contains a delayed
fluorescent emitter.

5. The organic light-emitting device according to claim 2,
wherein the organic light-emitting device contains the com-
pound represented by the general formula (1) as a light-
emitting material.

6. The organic light-emitting device according to claim 1,
wherein in the general formula (1), D is bonded to the
carborane through a benzene ring.

7. The organic light-emitting device according to claim 1,
wherein in the general formula (1), D has a diphenylamino
group or a carbazolyl group.

8. The organic light-emitting device according to claim 1,
wherein in the general formula (1), D represents a group
represented by the following general formula (2):

[RHR)N], ,—Ar'— General Formula (2)

wherein in the general formula (2), R' and R* each
independently represent a substituent, provided that R*
and R? may be bonded to each other to form a cyclic
structure; nl represents an integer of from 1 to 4; and
Ar' represents a substituted or unsubstituted aromatic
group having a valence of (nl+1).

9. The organic light-emitting device according to claim 8,
wherein in the general formula (2), nl represents 1 or 2.

10. The organic light-emitting device according to claim
1, wherein in the general formula (1), A has a heteroaromatic
ring containing a nitrogen atom.

11. The organic light-emitting device according to claim
10, wherein in the general formula (1), A has a triazine ring.

12. The organic light-emitting device according to claim
11, wherein the triazine ring is substituted with a phenyl
group.

13. The organic light-emitting device according to claim
10, wherein in the general formula (1), A is bonded to the
carborane through the heteroaromatic ring containing a
nitrogen atom.

14. The organic light-emitting device according to claim
10, wherein in the general formula (1), A represents a group
represented by the following general formula (3):

{Het),,-Ar*—

General Formula (3)

wherein in the general formula (3), Het represents a
substituted or unsubstituted heteroaromatic ring group
(provided that the heteroaromatic ring group contains a
nitrogen atom as a ring structure constituting atom); n2
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represents an integer of from 1 to 4; and Ar” represents
a substituted or unsubstituted aromatic group having a
valence of (n2+1).
15. The organic light-emitting device according to claim
14, wherein in the general formula (3), n2 represents 1 or 2.
16. The organic light-emitting device according to claim
1, wherein the compound represented by the general formula
(1) is an o-carborane compound or a m-carborane com-
pound.
17. The organic light-emitting device according to claim
1, wherein the organic light-emitting device is an organic
electroluminescent device.
18. The organic light-emitting device according to claim
1, wherein the organic light-emitting device emits delayed
fluorescent light.
19. A composition comprising a light-emitting material
and a compound represented by the following general for-
mula (1):

General Formula (1)
XZ

Xl///)l(kx3
3o
Xt \_/i\ x*
N4

wherein in the general formula (1), X' to X'* each
independently represent C or BH constituting carbo-
rane, provided that among X' to X*?, the bonding
positions to A and D each represent C, and the other
thereof each represent BH; A represents an acceptor
bonded to the carborane through an aromatic ring or a
heteroaromatic ring; and D represents a donor bonded
to the carborane through an aromatic ring or a het-
eroaromatic ring.

20. A light-emitting composition comprising a compound
represented by the following general formula (1):

General Formula (1)

WA

A_I/X\—/X\il ’
XN 7/ %

wherein in the general formula (1), X' to X'? each
independently represent C or BH constituting carbo-
rane, provided that among X' to X', the bonding
positions to A and D each represent C, and the other
thereof each represent BH; A represents an acceptor
bonded to the carborane through an aromatic ring or a
heteroaromatic ring; and D represents a donor bonded
to the carborane through an aromatic ring or a het-
eroaromatic ring.
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21. A delayed fluorescent emitter comprising a compound
represented by the following general formula (1):

A T&f/f}‘\\\?yﬁ
AVA!

X
X8 \

\

General Formula (1)

wherein in the general formula (1), X' to X' each
independently represent C or BH constituting carbo-
rane, provided that among X' to X'?, the bonding
positions to A and D each represent C, and the other
thereof each represent BH; A represents an acceptor
bonded to the carborane through an aromatic ring or a
heteroaromatic ring; and D represents a donor bonded
to the carborane through an aromatic ring or a het-
eroaromatic ring.
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22. A compound represented by the following general
formula (1"):

General Formula (1)
2,

/ )l(
Xl//'Xxxs'

N\ /
Nl
Al— , 7,—D

AN
4 \
X¢ \ x4
\t\xl7
e
wherein in the general formula (1%, X" to X'* each
independently represent C or BH constituting carbo-
rane, provided that among X' to X', the bonding
positions to A' and D' each represent C, and the other
thereof each represent BH; A' represents an acceptor
bonded to the carborane through an aromatic ring or a
heteroaromatic ring; and D' represents a donor bonded

to the carborane through an aromatic ring or a het-
eroaromatic ring.
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